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Abstract
A cross-sectional study  was perform ed to investigate subtypes of 
developm ental dyslexia and developm ental dysgraphia, and investigate 
coincidences, in a sam ple of language delayed children aged betw een 
seven and fourteen years. Tests of irregular and nonw ord reading and 
spelling were adm inistered to the sample as well as to 'a  sam ple of 
chronological age matched controls w ithout language delay. Results from 
regression analyses showed there were two qualitatively distinct subtypes 
of reading im pairm ent, confirming Castles and Coltheart's (1993) finding 
of developm ental surface dyslexia and developm ental phonological 
dyslexia. Qualitatively distinct subtypes of spelling im pairm ent were also 
found: poor irregular w ord spelling accompanied by norm al nonw ord 
spelling and norm al irregular w ord spelling accom panied by poor 
nonw ord spelling. These im pairm ents w ere term ed developm ental 
surface d y sg rap h ia  and developm ental phonolog ical dysg rap h ia  
respectively. Subtypes of developmental dyslexia were observed to co­
occur w ith subtypes of developmental dysgraphia, although phonological 
dyslexia w as never coincident w ith surface dysgraphia. It w as also 
observed th a t spelling proficiency can be coincident w ith  reading  
im pairm ent for children w ith language delay. Results are discussed in 
terms of dual-route and developmental models of reading and spelling, 
and clinical and diagnostic implications are outlined.
The ability to read and write are central to literacy, w hich itself is 
critical in society today. W ritten language differs from spoken language in 
the ease of acquisition of these skills. The a rt of speak ing  and 
understanding language is relatively easy and is usually accomplished by 
the age of four (Treiman, 1993). In contrast, reading and w riting  are 
view ed to be more difficult skills to learn, usually  requ iring  form al 
instruction.
The difficulty children encounter in acquiring w ritten  language 
skills varies considerably. Developmental disorders of w ritten  language 
can be d iv ided  into developm ental dyslexias and  developm en ta l 
dysgraphias. Developmental abnormalities of the former type are those 
leading to difficulty w ith reading whereas those of the latter type lead to 
difficulties w ith either the linguistic components of spelling or the m otor 
com ponents of w riting (Roeltgen & Blaskey, 1992). The focus of the 
present study is developmental dyslexia and the spelling (linguistic based) 
component of developmental dysgraphia.
A great am ount of time is consumed by the process of learning to 
read or spell because the English writing system is complex and irregular 
(Treiman, 1993; Zuteil, 1992). The system is alphabetic in nature  and 
complex in several ways: the English language has 26 letters (the 
graphem ic form ) corresponding  to approxim ately  44 so u n d s (the 
phonemic form) which are associated w ith 102 functional spelling units. 
Thus, am biguity exists betw een translations and there are m any m ore 
phonem e-graphem e than graphem e-phonem e correspondences. Due to 
the inconsistency of phonem e-graphem e rela tionsh ips, as w ell as 
graphem e-phonem e relationships, a large num ber of spellings occur in 
which two or more possibilities exist (e.g., / e i /  has six phonologically
2plausible spellings). It is not always possible to predict which spelling or 
pronunciation should occur in particular instances. Finally, the links 
between phonemes and graphemes, and vice versa, are sometimes 
overridden by morphological considerations as rules exist but there are 
always exceptions to these (Barry, 1988; Burden, 1989; Snowling, 1989). In 
regard to learning to read, it has been hypothesised that in alphabetic 
orthographies like English, difficulty arises particularly with irregular 
grapheme-phoneme and phoneme-grapheme correspondences (Reitsma, 
1989).
Research investigating the process of reading has been abundant. A 
considerable literature base exists with regard to normal adult reading, 
impairment in adult reading following brain damage (acquired dyslexia), 
and the deficits developmental dyslexic children exhibit. From 
investigations of acquired dyslexic and normal skilled readers, theories of 
word recognition have been proposed in order to explain the data. Models 
of reading address the question of how we translate print to speech. It is 
generally accepted that word recognition involves addressed and 
assembled phonology (Coltheart, Avons and Trollope, 1990). Addressed 
phonology utilises whole-word knowledge by accessing a store of 
previously learned orthographic (i.e., written) representations, from 
which the corresponding phonological (i.e., sound) representation is 
subsequently retrieved (Patterson, Marshall & Coltheart, 1985). Assembled 
phonology utilises sub-word rules to derive the appropriate phonological 
form corresponding to the orthographic form (Singleton, 1987). The 
correspondence rules are independent of whole-word knowledge, 
although originally derived from it, and are conceptualised as equivalent 
to standard linguistic rules of English pronunciation (e.g., Venezky, 1970).
3Addressed phonology is thought to translate print to speech more quickly 
than assembled phonology (Patterson and Morton, 1985).
D isagreem ent arises over w hether separable processes translate 
addressed and assembled phonology from print to speech or w hether a 
single process is sufficient. The dual-route m odel of read ing  (see 
Coltheart, Curtis, Atkins & Haller, 1993) proposes functionally separate 
processes for the translation of addressed and assem bled phonology, 
w hereas unitary  models such as Seidenberg and M cClelland's (1989) 
parallel distributed processing model views translation of both  types of 
phonology as occurring via a single process.
The ability  to w rite, and  in particu lar spell, has not been 
investigated as thoroughly as reading in either children or adults. Similar 
to reading, theories of spelling have arisen from the study of acquired 
dysgraphic patients (adults w ith spelling im pairm ents following brain  
dam age) and from norm al skilled spellers. The dual-route m odel of 
spelling (Caramazza, 1991) has dom inated explantions of spelling data. 
Two separable processes are argued to translate speech to print, one whole- 
word based (i.e., addressed) and the other sub-word based (i.e., assembled). 
Connectionist explanations of spelling processes have recently  been 
proposed (e.g., Olson, 1992) although they are not well defined as 
investigations into spelling have been far less prolific com pared to 
reading.
The present study will review current ideas about the nature of 
developmental dyslexia and explanations of it, particularly in the context 
of acqu ired  dyslexia. Sim ilarly, the p resen t u n d e rs tan d in g  of 
developm ental dysgraphia will be review ed and explored w ithin the
4acquired dysgraphia framework. First, in order to justify adoption of a 
sim ilar approach  for developm ental dyslexia and  dysg raph ia , the 
relationship between reading and spelling will be examined.
Relationship between Reading and Spelling
It is generally recognised that children who have difficulty w ith one 
aspect of literacy (e.g., reading) usually have difficulty w ith other literacy 
tasks (e.g., spelling). Correlations between reading and spelling accuracy 
have been reported as r=.70 for 3rd grade children and as r=.74 for 5th 
grade children by Zuteil and Raisinski (1989; cited in Zuteil, 1992) and as 
r=0.66 and r=0.60 for second and sixth graders, respectively, by Shanahan 
(1984; cited in Maul & Ehri, 1991). The question still remains as to exactly 
why reading and spelling correlate highly.
It has been proposed that reading and spelling are interdependent in 
two ways: one, the same knowledge sources, processes and strategies are 
utilised; and two, reading experiences affect the developm ent of some 
com ponent spelling skills, specifically whole-word knowledge (Bruck & 
Waters, 1990; Treiman, 1993; Zuteil, 1992).
Firstly, familiar words are thought to be read and spelt via accessing 
orthographic representations of specific words stored in lexical memory. 
Unfamiliar w ords are argued to be either read or spelt by utilising sub­
w ord correspondence rules, letter position constraints, and morphological 
inform ation. A lternatively, unfam iliar w ords can be read or spelt by 
analogy, that is, w ords are retrieved from m em ory that resem ble the 
unfamiliar w ord in either spelling pattern or pronunciation (Maul & Ehri, 
1991). The correlation between reading and spelling may reflect sharing
5the same component skills which rely on the same knowledge source, or 
the fact that they depend on similar processes, however, this relationship 
is still not understood. For example, it is not clear if one is contingent 
upon the other, or if they develop in parallel, or if they contribute to the 
development of the other (Bruck & Waters, 1990).
Secondly, reading is thought to be the prim ary way people learn 
correct spellings of words. Thus, good readers tend to read more than poor 
readers and become exposed to more correct spellings resulting in an 
increase in ability to spell. Ehri (1980; cited in Bruck & W aters, 1990) 
argues that spelling skills are parasitic  on read ing  skills. Stored 
o rthograph ic  rep resen ta tions of p rin ted  w ords and phonolog ical 
information about spelling-sound relationships are attained w ith reading 
experience and these are necessary for accurate reading and spelling (i.e., 
readers w ith  unclear orthographic representations are less accurate in 
recognising w ords and are poor spellers). Treiman (1993) found that the 
words children knew how to read influenced their spelling. Also, reading 
and spelling processes have been argued to be associated based on no 
reported cases of good spellers and poor readers, as w ould be expected if 
the two processes were dissociated (Maul & Ehri, 1991).
The correlation betw een reading  and spelling is no t perfect 
implying that the processes are not identical. Further, spelling is not the 
converse of reading. This is supported by Snowling and Goulandris (1992) 
who reported that David, a case study, could not necessarily access his store 
of know ledge for reading w hen spelling. How ever, one difficulty in 
com paring reading  and spelling data is that there are often m ore 
phonographically plausible misspellings of a w ord than phonologically
6plausible m isreadings, due to the inconsistent nature of English (Temple, 
1986).
Gill (1992) investigated the association between reading and spelling 
accounting for task differences, as a dissociation between the processes has 
been argued to simply be an artefact of the task demands. It was found that 
the same knowledge allowed accurate reading but not accurate spelling 
w hen context a n d /o r  minimal cues were available. This was argued to 
confirm that reading and spelling were not converse processes, but also 
that reading and spelling are not independent because reading is an easier 
task requiring only partial cues, whereas accurate spelling requires more 
than partial cues.
Reading is frequently assum ed to involve simple recognition of 
w ords (i.e., w ord recognition) in the lexicon, whereas spelling involves 
recalling entire letter sequences. Recall is generally accepted to be more 
difficult than  recognition. Thus, fluent reading can be successfully 
accomplished through the use of partial cues. In contrast, spelling is more 
precise in that every letter must be correctly identified to achieve accurate 
performance (Joshi & Aaron, 1991; Zuteil, 1992). This implies spelling is a 
harder task, which also makes comparisons between reading and spelling 
more difficult.
Frith (1980) addressed the issue of association based on the idea that 
if read ing  and spelling were closely related the occurrence of pure 
developm ental dysgraphia w ithout dyslexia is paradoxical to the notion 
that the same processes and knowledge sources are used. She investigated 
the reading and spelling of three groups of 12 year olds: G roup A, good 
readers/good spellers; Group B, good readers/poor spellers; and Group C,
7poor readers/poor spellers. It was found that groups A and B both read by 
eye (accessing orthographic representations), but group A spelt by eye as 
well as by ear (application of sound-spelling rules), whereas group B spelt 
by ear only. She concluded that the processes used by norm al spellers to 
read and spell are associated to a greater degree than the processes used by 
developm ental dysgraphics (good readers/poor spellers). Thus, reading 
and spelling are more related in normal readers and spellers than in good 
readers but poor spellers.
A similar study investigating reading and spelling strategies used by 
good and poor readers suggested a dissociation between the strategies used 
in reading and spelling (Barron, 1980). Poor readers were found to rely 
predom inantly on an orthographic strategy (i.e., whole-w ord based) for 
reading and a phonological strategy (i.e., sub-word based) for spelling. In 
contrast, good readers were more likely to use both strategies in reading 
and spelling.
Spelling and reading  have also been argued  to use separate  
processes based on evidence from acquired language disorders. For 
example, the acquired phonological dyslexic and surface dysgraphic patient 
RG (Beauvois and Derouesne, 1979, 1981; cited in Ellis, 1982) was reported 
to spell via phonological processes but read via access to lexical (i.e., 
orthographic) information. Also, Bryant and Bradley (1980) looked at 
norm al young readers (6-7 years) who read via an orthographic strategy 
bu t spelt via a phonological strategy. Further, w hen the children read 
irregu lar w ords in a list of nonw ords they succeeded (assum ing 
conversion rules were forced to be used). It is unclear w hether this 
dissociation between reading and spelling is due to separate knowledge
8sources (phonological or orthographic) or separate processes (sublexical or 
lexical).
Reading and spelling skills have been reported to correlate highly 
indicating a relationship, although some evidence exists for the use of 
different processes in reading and spelling. Despite the debate over the 
relationship  betw een reading and spelling, both  have been  found to 
correlate highly w ith measures of phonological awareness in early school 
years and knowledge of graphem e to phoneme correspondences. Thus, 
investigation of both reading and spelling in children acquiring these 
skills is useful in understand ing  the relationship betw een them , in 
addition to being useful w ith reference to those children w ho encounter 
difficulties w ith these processes.
Developmental Dyslexia
Developmental dyslexia broadly refers to individuals w ho have a 
specific difficulty in learning to read and spell despite norm al or above 
average intelligence (IQ) and an adequate intellectual, social and  
emotional background. The term developmental dyslexia w as originally 
b rough t to the fore by the clinical reports of M organ in  1896 and 
H inshelw ood in 1895 and was referred to as congenital w ord  blindness 
(Snowling, 1989; Stanovich, 1992). Controversy surrounds the concept of 
developmental dyslexia and it is currently defined (in a practical sense) by 
the assessment of a discrepancy between general IQ and reading ability as 
m easured  by objective testing (Stanovich, 1992). A lthough there is 
agreem ent that children exist who are im paired in reading ability despite 
norm al intelligence, there is little agreement as to the underlying deficit 
(Baddeley, Logie & Ellis, 1988).
9Generally, for most of this century developmental dyslexia has been 
view ed as representing a heterogeneous distinct type of reading disorder 
(i.e., d istinct from poor readers), having subtypes w ith qualitatively  
different underlying cognitive dificits. Views of the prim ary underlying 
deficit ranged from a visual-perceptual deficit to Vellutino's (1979) view of 
a linguistic processing deficit (including phonological processing). Strong 
evidence has been pu t forw ard that m any children who suffer from  
developm ental dyslexia also experience phonological processing deficits 
(Morrison, 1993).
One issue th a t has dom inated  the lite ra tu re  is w h e th er 
phonological processing deficits form the basis of a hom ogeneus group of 
developm ental dyslexics, or whether qualitatively different deficits exist 
from which distinct subtypes of developmental dyslexia can be identified. 
Patterns of errors resem bling acquired dyslexic reading  have been 
observed, indicating qualitatively distinct subtypes of dyslexia (Castles & 
C oltheart, 1993). H ow ever, others have failed to find qualitative 
differences betw een individual developmental dyslexics. W ilding (1989), 
for example, claims that all developmental dyslexic cases reported to date 
have a basic deficit in phonolological processing.
Phonological Processing Deficit
Phonological processes (awareness and skills) have been frequently 
reported  to represent the key in both the acquisition of reading and 
problem s in reading (Byrne & Fielding-Barnsley, 1993; Stanovich, 1993). 
The correlation between phonological processing measures and reading in 
beginning readers has been reported as r=.52 by Stanovich (1988; cited in
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Abezoid, 1992). In fact, phonological processs have been related to reading 
more frequently than m ost other phenomena.
In the context of beginning reading, phonological processing refers 
to the ability to explicitly m anipulate sublexical units, such as syllables, 
onsets, rim es or phonem es (Carvolas & Bruck, 1993). M easures of 
phonological awareness taken prior to schooling have been  found to 
predict later literacy development, and teaching aspects of phonological 
awareness to preliterate children has resulted in more rapid developm ent 
of reading and spelling skills (Byrne & Fielding-Barnsley, 1993). This 
evidence has been used to support the view that phonological awareness 
plays a role in the acquisition of literacy.
D evelopm ental and  in d iv id u a l d ifferences in phono log ica l 
processing abilities, and its relationship to reading acquisition, w ere 
investigated by W agner, Torgesen and Rashotte (1994) in a longitudinal 
study of children. Phonological processing abilities (i.e., phonological 
analysis, phonological synthesis, phonological coding in  w ork ing  
m em ory, isolated nam ing and serial nam ing) w ere all found  to be 
characterised by different rates of development. In addition, evidence for 
b i-directional causality betw een phonological processing ability  and 
reading-related knowledge was indicated in that phonological processing 
abilities exerted a strong causal influence on w ord  decoding (i.e., 
identification and analysis), and letter-name knowledge (i.e., nam ing the 
26 letters of the alphabet) exerted a m odest influence on subsequent 
phonological processing abilities in beginning readers. The relationship 
betw een phonological processes and reading performance in children was 
review ed by Tunm er (1991) w ho also concluded that phonological
awareness and reading acquisition were reciprocal in that progress in one 
resulted in progress in the other.
A deficit in phonological processing skills has been suggested by 
m any to be the hallm ark of developmental dyslexia. Also, phonological 
awareness skills have been found to consistently differentiate betw een 
good and poor readers (Bruck, 1992). Deficits accounted for by poor 
phonological processing include: initial w ord  recognition deficits; poor 
ability to learn graphem e-phonem e relationships; difficulty in explicitly 
reporting sound segm ents at the phonem e level; nam ing difficulties; 
inefficient u tilisation  of phonological codes in short term  m em ory; 
unusual categorical perception of certain phonem es; and problem s in 
speech production (Bruck, 1992; Roeltgen & Blaskey, 1992; Stanovich, 
1993).
As an attem pt to explain the underlying deficit of developm ental 
dyslexia, Stanovich (1992, 1993) proposed the phonological-core variable- 
difference (PCVD) model based on the view that phonological processing 
ability is the key locus of reading difficulties. The assum ption underlying 
this model is that the cognitive deficit is specific to reading and not to a 
generalised cognitive deficit. In the PCVD model variable difference refers 
to key performance contrasts between developmental dyslexic and garden- 
variety readers, whom  can be characterised by below-average reading in 
addition to below-average general cognitive abilities. The majority of poor 
readers are argued to be the garden-variety type. Both developm ental 
dyslexic and garden-variety readers are conceptualised along a continuum 
with a pure phonological deficit at one end (the dyslexic reader) and many 
cognitive deficits on the opposite end, including a phonological deficit (the 
garden-variety reader). The phonological problems of the developmental
dyslexic are shared by the garden-variety reader, however the latter have 
more cognitive impairm ents as they progress along the continuum.
The garden-variety reader resembles younger norm al readers and 
can be described by a developmental delay model in which they lag behind 
norm al readers in overall skill developm ent (M orrison, 1993). Rack 
H ulm e, Snow ling  and  W igh tm an  (1994) found  th a t b o th  the 
developm ental dyslexic and the garden-variety reader did have similarly 
poor phonological abilities, confirming the PVCD model contention that 
both groups have the same core phonological deficits. A logical extension 
of this argum ent is that both developmental dyslexic and garden-variety 
readers can be characterised by a developmental lag explanation of their 
deficits. That is, both groups of readers are delayed in their phonological 
skills and the garden-variety reader may be delayed in additional cognitive 
skills.
Orthographic Processing Deficit
O rthograph ic  skills have been ignored  as a key deficit in  
developm ental dyslexia as the focus has prim arily been on phonological 
processes. Orthographic processing refers to the ability to access whole- 
w ord visual (orthographic) representations for specific w ords (Manis, 
Custudio & Szeszulski, 1993). More recently, support for the notion that 
focussing solely on phonological processing deficits is lim ited has come 
from m ultivariate investigations as orthographic processing skills have 
been found to account for some of the variance in w ord recognition skills 
(Stanovich & Cunningham , 1992). Thus, efficient phonological processing 
is a necessary, but not sufficient, condition for attaining advanced levels of 
w ord recognition skill (Bruck, 1990; Stanovich, 1992). It is generally
acknowledged that a major step in learning to read is the acquisition of 
individual w ord representations. As reading develops, the num ber and 
quality  of orthographic representations im proves (Lemoine, Levy & 
H utch inson , 1993). S tanovich (1992) believes tha t ev idence is 
accumulating for a group of dyslexics to be distinguished who have severe 
problems in accessing the lexicon on a visual/orthographic basis.
One hypothesis regarding orthographic problem s is tha t dyslexic 
readers have difficulty storing orthographic representations in  a lexical 
store because of phonological processing deficits, including difficulty in 
obtaining and generalising grapheme-phoneme rules (Reitsma, 1989). The 
ability  to use phonological processes and  acquire  o rth o g rap h ic  
representations are viewed as m utually dependent, im plying a single 
deficit based on phonological processing deficits. In addition, Reitsma 
believes learning to read is easily conceptualised w ithin a connectionist 
framework. Connections between orthography and phonology (the size of 
units varying from graphemes to syllables to m orphemes) are assigned 
weights based on a probabilistic method determ ined by the frequency of 
use. An orthographic lexicon is slowly acquired w ith  m ultiple levels of 
interacting units between orthography and phonology. Reitsma proposes 
dyslexia exists because the connection structure of the lexicon is limited 
(i.e., reduced connections). The advantage of a connectionist model is not 
clear from this perspective as a lexicon and whole-w ord and sub-w ord 
segments are hypothesised, similar to other models (e.g., dual-route).
However, Goswami (1986) found beginning readers used a method 
of analogy in which new w ords were read by accessing w hole w ords 
already learned. She hypothesised that this m ethod w as useful in 
extracting rules as unfam iliar w ords w ould not have prestored  rules,
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allow ing extraction of com m onalities betw een new  w ords to w hich 
analogies could be made. Thus, a whole w ord strategy was observed in 
children  tha t w as proposed to be useful in establishing principals 
underlying a phonological strategy.
In addition to growing evidence for the importance of orthographic 
processing skills, an alphabetic language such as English where ambiguity 
exists in the translation of graphemes to phonemes and vice versa makes 
w hole-w ord  skills necessary. It has been generally assum ed that 
phonological processing is based on rules (e.g., Venezky, 1970) in which 
sub-w ord units are translated from spelling to sound, or vice versa, by 
rules that are independent of stored whole-word (lexical) knowledge. In 
the case of word recognition, each grapheme is assigned the m ost frequent 
phonem ic value, and in spelling each phonem e is assigned the m ost 
frequent graphem ic value, resulting in "regular" pronunciations or 
spellings, respectively. W ords that do not conform to the rules (e.g., 
irreg u lar w ords) cannot be correctly p ronounced  or spe lt via a 
phonological transla tion  process (Kay & Patterson , 1985). Hence, 
translation utilising whole-word orthographic representations is necessary 
for accurate reading or spelling of irregular words.
Distinct Groups
In contrast to specifying a key deficit as the underlying cause of 
developm ental dyslexia, several subgroups have been identified. T w o 
central elem ents have been roughly outlined, varying in term inology, 
w hich fall into the two categories of phonological deficits, in which a 
reliance on sub-w ord correspondence rules (a phonological strategy) is 
observed, and orthographic deficits, in which a reliance on visual memory
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for whole words (a lexical strategy) is observed (Boder, 1973, and Mitterer, 
1982; cited in Singleton, 1987; Baron & Treiman, 1981; cited in Goswami & 
Bryant, 1990). The first sub-group of children w ith phonological deficits 
were identified by Boder as dysphonetic readers and by Baron and Treiman 
as Phoenician readers. The second group of readers w ith orthographic 
deficits Boder called dyseidetic readers and Baron and Treim an called 
Chinese readers.
Baron and S traw son (1976) experim entally  confirm ed  th a t 
undergraduate students could be subgrouped into those w ho perform ed 
better using a lexical reading strategy (Chinese readers) and those who 
perform ed better using a sublexical strategy (Phoenician readers). 
Substantial differences between these two groups were observed in w ord 
itentification skills, syllable detection, and phonemic awareness (Weekes, 
1994). Developmental dyslexics were compared with RA and chronological 
age (CA) m atched children on m any components of reading by M anis, 
Szeszulski, Holt and Graves (1990). They concluded that dyslexics have 
greater difficulty in phonological processing than CA and RA children, 
and tha t orthographic deficits is an area previously overlooked for 
deficiencies in w ord recognition.
Early attem pts to classify developm ental dyslexia w ere crude 
because subtypes were broad and w ithout detail into the nature of the 
underlying deficit that resulted in the sym ptom s observed (Singleton, 
1987). A ttem pts have been made to specify the source of phonological 
processing difficulties by demonstrating that developmental dyslexics are 
inferior to RA controls on m easures of phonological awareness such as 
phonemic segm entation and phonological coding of speech. However 
measures are complex and Manis et al (1990) argue it is unclear precisely
w hich com ponents are deficient or how these relate to phonological 
processes.
Specification of deficits underlying orthographic problems has made 
little progress. Three possible hypotheses have been proposed: one, 
children have poor phonological processing skills which are still heavily 
relied on in reading and spelling at the expense of orthographic skills; two, 
difficulties exist at the visual stage of reading and spelling; and three, 
children w ith an orthographic deficit do not process visual inform ation in 
a w ord holistically and hence do not take in enough inform ation at a 
single glance to m atch it w ith stored orthographic representations (Manis, 
et al, 1990). From the literature Manis and colleagues concluded that the 
evidence presently does not support any of the above hypotheses as the 
underlying deficit.
A lthough subgroups had been identified by several researchers, no 
theoretical explanation for the different symptoms observed was proposed 
until Castles and Coltheart (1993) recently applied dual-route theory to a 
group of developm ental dyslexics. They found distinct subgroups of 
developm ental dyslexia, analogous to acquired dyslexia, in which one 
group show ed phonological deficits and the o ther g roup  show ed 
orthographic deficits.
Subtypes Analogous to Acquired Dyslexia
Dual-route theory is one approach to developmental dyslexia which 
stresses the sim ilarity betw een acquired and developm ental disorders, 
implying similar cognitive substrates for reading and spelling in adults 
and children. Com parisons are made betw een the pattern  of reading
exhibited by acquired dyslexic adults and developmental dyslexic children. 
A rgum ents for using a common fram ew ork of term inology for bo th  
acquired and  developm ental dyslexia are based on  the fundam ental 
a ssum p tion  th a t bo th  rep resen t the in ad eq u ate  d ev e lopm en t or 
functioning of a particular set of intellectual skills. The crucial difference 
is that adults are assumed to have "lost" part of a fully developed system, 
whereas children have a selective failure in an adult com ponent of that 
system to develop, w ith the rem aining components relatively intact and 
functioning norm ally (Baddeley, et al, 1988; Coltheart, 1987). Detailed 
analysis of the breakdow n of reading in acquired dyslexia has been 
docum ented and linked w ith current cognitive models of reading (e.g., 
dual-route and parallel distributed processing m odels, see Behrman & 
Bub, 1992), which may be useful in understanding the underlying cause of 
developm ental dyslexia. Baddeley, et al (1988) state that neither can 
provide a complete model for the other, but an adequate model of reading 
will encompass both.
Dual-route theory attempts to explain acquired dyslexia in terms of 
im pairm ent to components of a functional model of skilled reading (Ellis, 
1985). T ranslation of p rin t to speech is assum ed to occur via two 
functionally separate processes, as well as via the semantic system  (see 
Figure 1). First, lexical reading involves accessing the orthographic  
representation of whole words from the orthographic input lexicon and 
subsequent retrieval of the corresponding phonological represen tation  
from the phonological ou tpu t lexicon. Familiar w ords are assum ed to 
have an orthographic representation in this mental lexicon. Secondly, a 
sublexical process translates sub-w ord segm ents of o rthography  to 
phonology via correspondence rules (e.g., Venezky, 1970). Thus, the
speech print
print
Figure 1. Dual-Route Model of Reading and Spelling, 
(adapted from Ellis and Young, 1988)
lexical route is useful for familiar words but not novel or nonsense w ords, 
w hereas the phonological sublexical route is useful for novel w ords and 
nonsense w ords bu t not familiar w ords that do not conform to letter to 
sound rules (i.e., irregular words). In the latter case regularisation errors 
occur (e.g., pronouncing "pint" as if it rhym ed w ith "mint") (Coltheart, et 
al, 1993).
The existence of different forms of acquired dyslexia provide strong 
support for the functional architecture of reading outlined by the dual­
route model. The pattern of reading exhibited by acquired surface dyslexic 
patients (see Bub, Cancelliere & Kertesz, 1985) is an ability to read regular 
w ords or nonwords and im paired reading of irregular words. Dual-route 
theory interprets this as an intact sublexical route and an im paired direct 
lexical route (Weekes & Coltheart, 1994). An opposite pattern  of reading 
can be observed in acquired phonological dyslexic patients (see Lytton & 
Brust, 1989), in which there is im paired reading of nonw ords while the 
ability to read irregular words is relatively preserved. In addition, patients 
have an inability to comprehend words read. Dual-route theory explains 
this as an intact direct lexical route and an im paired sublexical route 
(Singleton, 1987). Finally, acquired deep dyslexia is characterised by an 
inability to read nonwords w ith a preserved ability to read familiar words 
w ithin the constraints of concreteness, imagery and part of speech. This is 
interpreted by dual-route theorists to indicate im paired direct lexical and 
sublexical routes w ith an intact lexical via semantics route (Goldblum, 
1985).
Evidence for applying the dual-route fram ework to developm ental 
dyslexia stem s from the finding of analogous patterns of reading in 
developm ental dyslexic children and acquired dyslexic adults. Two of the
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earliest reported case studies were CD, a developmental surface dyslexic, 
(C oltheart, M asterton, Byng, Prior & R iddoch, 1983) and  HM , a 
developm ental phonological dyslexic, (Temple & Marshall, 1983), whose 
patterns of reading resembled acquired surface and phonological dyslexia, 
respectively. Thus, developm ental surface dyslexia is characterised by 
relatively good reading of regular words or nonwords and difficulty w ith 
irregular words. Developmental phonological dyslexia is characterised by 
the reverse pattern  of im paired nonw ord reading and relatively well 
p rese rv ed  fam ilia r w ord  read in g  (C astles & C o lth eart, 1993). 
Developmental deep dyslexic cases have been reported by Siegel (1985) in 
which difficulty reading nonwords and semantic paralexias are evident.
The developmental patterns of reading, analogous to the acquired 
dyslexias, can also be accounted for by the dual-route m odel in the 
following manner. The fully developed reading system is comprised of a 
num ber of m odules w hich in com bination m ake up the d ifferent 
processing routes outlined in Figure 1. For normal reading acquisition to 
occur a child m ust acquire all of these m odules at a norm al rate. 
However, failure to acquire any of these m odules disrupts the norm al 
processing of the route it contributes to, producing a failure of that route 
(Coltheart, et al, 1993). Thus, a selective failure in the acquisition of the 
direct lexical route is developm ental surface dyslexia and a selective 
failure in the acquisition of the sublexical route is developm ental 
phonological dyslexia.
Bryant and Impey (1986) challenged the conclusions that the early 
case studies reported by Coltheart et al (1983) and Temple and Marshall 
(1983) w ere analogous to the acquired dyslexias. They argued the 
symptoms exhibited by CD and HM (who were both 17 years) were not
unique to dyslexia as they found the same patterns of reading in normals 
matched on reading level (RA), although the mean CA of the latter group 
was 10 years. Thus, Bryant and Impey proposed developmental dyslexics 
formed a hom ogeneous group w ith a developmental delay and did not 
consist of qualitatively different patterns of reading. They purport dyslexic 
reading is not abnormal if the pattern observed can be found in normal 
younger readers (regardless of how m uch younger). Coltheart (1987) 
agreed that in learning to read there are bound to be individual differences 
in the rate of acquiring the two procedures and a tendency will be evident 
in norm al readers to be better at using one procedure than the other. 
However, it was thought odd to state a reading age 7 years behind 
chronological age was delayed. W eaknesses in the developm ental lag 
hypothesis have been outlined previously. Coltheart also reiterated that 
abnorm ally slow acquisition of the procedures involved in reading 
produced sym ptom s to be explained and these form  the basis of the 
sub types of developm ental dyslexia in te rp re ted  in the acquired  
framevvork.
Support for com parisons betw een developm ental and  acquired 
disorders of reading is most strongly found in a recent study by Castles and 
C oltheart (1993). They identified eight pure  developm ental surface 
dyslexic and seven pure developm ental phonological dyslexic children 
from a sam ple of fifty-six dyslexics. Both nonw ord and irregular w ord 
reading were tested and classified as impaired on the basis of comparisons 
w ith a CA m atched control group. Thus, in contrast to the norm al 
readers, developm ental phonological dyslexics were found to have a 
comparable level of irregular word reading but impaired nonw ord reading 
and developm ental surface dyslexics were found to have a level of
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nonw ord  read ing  com parable to the norm al sam ple, b u t im paired  
irregular w ord reading.
A dopting the fram ew ork used to explain acquired dyslexia for 
developmental dyslexia has been questioned. First, Hulme and Snowling 
(1992) state that the reading pattern of dyslexic children is only a surface 
characteristic (i.e., sym ptom ) w hich m ay relate com plexly to the 
underlying cognitive im pairm ents. This may in fact be a strength  as 
acquired dyslexias have also been said to be characterised by symptoms and 
not discreet subtypes (Ellis, 1985).
Secondly, development of the cognitive mechanisms of reading and 
spelling have been conceptualised to consist of sequentially dependent 
systems, w ith emphasis placed on the acquisition of abilities in which each 
depends on norm al acquisition of previous abilities. Thus, norm al 
developm ent is not a set of m odules being acquired and developed 
independently. Developmental models of reading and spelling propose 
phases in which skills are sequentially acquired, building on previously 
m astered skills. For example Frith (1985) states that alphabetic reading 
(i.e., phonological) skills m ust be m astered before orthographic reading 
(i.e., orthographic) skills can be obtained. Incorporating developm ental 
princip les is no t necessarily incom patible w ith  adop ting  an ad u lt 
framework if it can predict and explain particular reading failures. Hanley, 
H astie and  Kay (1992) suggest Frith 's developm ental m odel can 
distinguish between subtypes of reading by breakdowns at different phases 
in the sequence of acquiring reading and spelling abilities. In this case, 
acquiring sequentially dependent systems in children is not problem atic 
for adopting an adult framework to conceptualise the patterns of reading 
observed.
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Developmental Dysgraphia
Spelling was traditionally thought to occur by m em orisation of the 
letters in individual words. As the English writing system is inconsistent, 
this m ethod of rote learning was seen to be the only viable m ethod of 
learning to spell (Treiman, 1993). This view of spelling acquisition became 
outdated as a result of Read's (1971, 1975) work in which a shift occurred 
from a visual strategy to a linguistic based method. He suggested children 
lea rn ed  to spell by u tilis in g  p rincip les of so u n d  to spe lling  
correspondences which applied to many words. Attention was also draw n 
to the fact that children m ade systematic spelling m istakes, evident in 
young children who were observed to employ sound to letter rules 
extremely literally. A review of childrens' spelling by Beers and Beers 
(1992) confirmed that a common theme was lack of random ness in errors. 
Although Read was a strong advocate for the importance of phonological 
skills in learn ing  to spell and d id  not acknow ledge the possible 
contribution of a visual (orthographic) strategy, he provided a foundation 
for later research.
Phonological Processing Defict
Research investigating phonological awareness and reading has 
been far m ore extensive than  research into the relationship  betw een 
phonological awareness and spelling. However, there is evidence tha t 
phonological awareness has a role in spelling acquisition (Beers & Beers, 
1992; Treiman, 1993) and several hold the view that it is more im portant 
in learning to spell than in learning to read (Goswami & Bryant, 1990; 
Roeltgen & Blaskey, 1992). Accurate know ledge of sound  to letter
relationships has been reported to differentiate good and poor spellers 
(Bruck & Waters, 1990).
Phonem e segm entation  w as investigated  in  p rim ary  school 
children by Rohl and Tunmer (1988; cited in Tunmer, 1991) in order to test 
the hypothesis that deficits in skills related to phonological processing was 
causally related to difficulties in the acquisition of spelling knowledge. 
They found poor spellers (Grade 3) perform ed significantly worse than 
groups of good spellers matched by both CA and RA. Spelling of irregular 
words was reported to be at comparable levels between all spellers.
Treiman (1993) studied the spelling of 43 first-grade children in 
their natural setting and found many errors were attempts at representing 
the sounds of words. The following three processes were identified to be 
im portant in spelling: one, segmentation of phonology; two, rem embering 
the identity and order of the units; and three, assigning a graphem e to 
each unit. She states that both dual-route and connectionist models of 
spelling capture the im portance of phonology. The dual-route m odel 
incorporates a sublexical process which translates phonemes to graphemes 
in spelling. Connectionist models provide for phonological spelling as the 
w eight of the connections betw een phonem es and graphem es are 
strengthened w ith  exposure, formal teaching and use (Treiman, 1993). 
H ow ever, T reim an assum es connectionist m odels have sub-w ord  
segments, whereas other theorists propose spelling occurs by analogy to 
whole words (e.g., Olson, 1992).
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Orthographie Processing Defict
Morphological structure and orthographical conventions have been 
deem ed necessary in order to spell skillfully because of the inconsistency 
involved in some spelling-sound relations (Bruck & W aters, 1990; Miceli, 
1989). Irregular words cannot be spelt by a phonological strategy based on 
correspondence rules (e.g., Venezky, 1970). Hence, spelling m ust involve 
access of orthographic representations.
For children to develop good w ritten skills it is not enough for 
them to understand phonemic segmentation (Rubin, 1991). Evidence was 
found that m orphem ic errors occur and that these were related to a 
deficiency at the im plicit level, in addition  to the explicit level, of 
m orphological know ledge. Thus, Rubin argued that w hen  teaching 
spelling and reading, instruction should focus on the developm ent of 
structural analysis skills at both  the morphem ic and phonem ic levels. 
This notion was extended by Beers and Beers (1992) who found that upper 
prim ary school children did not connect the correct root m orphem es to 
endings w hen changes were m ade in word endings. They suggested that 
structural m orphem ic changes needed to be linked to phonetic spellings 
w hen learning to spell. Hence, the importance of an orthographic process 
in the acquisition of spelling and in skilled spelling is well recognised.
Also, Maul and Ehri (1991) argue that good readers-poor spellers are 
not different from  norm al spellers in using orthographic know ledge 
gained by reading words in spelling, but they are poor in their ability to 
form  orthographic representations of w ords w hen reading. This is 
contrary to the popular belief that normal spellers access orthographic 
rep resen ta tions m ore readily  than  dysgraphics, resu lting  in better
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recognitiong of analogous w ord  spellings. Also, they found  th a t 
deve lopm en ta l dysgraph ics can spell by accessing o rth o g rap h ic  
representations in the lexicon (i.e., lexical spelling).
Distinct Groups
Subgroups of developm ental dysgraphia have not been  well 
established. Baron, Treiman, Wilf and Kellman (1980) identified both 
Chinese and Phoenician readers in a group of students and looked at these 
in relation to spelling. The conclusions draw n that Chinese readers are 
good and Phoenician readers poor at lexical spelling is confounded by the 
screening procedure being entirely based on nonlexical skills. Thus, 
Chinese spellers may have been poor at lexical as well as nonlexical 
spelling. However, Treiman (1984; cited in Goswami and Bryant, 1990) 
claimed that normal children can be classified as Phoenician and Chinese 
spellers.
Evidence from developm ental dyslexic children was presented by 
Boder (1973) who identified a subgroup of dysphonetic dyslexics who 
predom inantly spelt via a lexical strategy and a subgroup of dyseidetic 
dyslexics w ho spelt via a sublexical strategy. Thus, two groups are 
suggested: a phonological group who spell by sound-letter rules (a 
sublexical strategy); and a visual group who spell by accessing whole-word 
representations (a lexical strategy). Presently, no explanation has been 
proposed as to why distinct groups of developmental dysgraphic children 
have been alluded to.
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Subtypes Analogous to Acquired Dvsgraphia
A lthough developm ental dyslexia has been usefully investigated 
w ith in  the sam e fram ew ork as acquired dyslexia, developm ental 
dysgraphia has been relatively neglected (Temple, 1986). If a relationship 
of some form exists between reading and spelling it follows that analogies 
b e tw een  d ev e lo p m en ta l and  acq u ired  d y sg rap h ia , s im ila r to 
developmental and acquired dyslexia, may be found.
As a result of cognitive neuropsychological investigations into the 
patterns of spelling exhibited by acquired dysgraphic patients the dual­
route model of spelling was proposed along similar lines to the dual-route 
m odel of reading. Differential im pairm ents in spelling for different 
stimuli types, indicating spelling is sensitive to lexical status, has been 
used to support the functional architecture outlined by the dual-route 
model of spelling (see Figure 1) (Caramazza, 1991). Proponents argue it 
can be used  to in te rp re t any im pairm ent of spelling  includ ing  
developmental writing disorders (Miceli, 1989).
W ithin the dual-route model of spelling translation from speech to 
prin t is accom plished via two qualitatively different and functionally 
separate processes: a sublexical route; and a direct lexical route. In 
addition, spelling may occur via semantic mediation. The sublexical route 
operates by using sound to letter correspondence rules (e.g., Venezky's, 
1970) to assem ble spellings by converting segm ented phonology to 
segm ented orthography. The direct lexical route operates by accessing 
phonological representations of whole words from the phonological input 
lexicon w hich  subsequen tly  re trieves w ho le-w ord  o rth o g rap h ic  
representations from  the orthographic ou tpu t lexicon. Spelling via
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sem antic  m ed ia tion  also accesses rep resen ta tio n s s to red  in  the 
orthograph ic  o u tp u t lexicon from  the phonological in p u t lexicon. 
Familiar w ords are spelt via the lexical route w hereas nonw ords and 
novel words are spelt via the sublexical route. Regular words can be spelt 
by either route as they conform to sub-w ord conversion rules. The 
pathw ay used in spelling may depend on the task. For example, semantic 
mediation is used when expressing thoughts or ideas in writing, however, 
all three processes can be used for spelling to dictation. A prediction based 
on this m odel is that if a spelling of a w ord  cannot be accessed, a 
phonographically plausible spelling will be produced by the sublexical 
route based on the application of sound to letter rules. This holds for 
skilled spellers in that the sublexical route is used prim arily as a backup 
w hen a w ord does not have an orthographic representation. However, 
exceptions to the rules (i.e., irregular words) will be spelled incorrectly as 
they are "regularised" (e.g., tomb spelt as "toom") (Barry, 1988; Margolin & 
Goodman-Schulman, 1992; Miceli, 1989; Goodman-Schulman, 1988).
Investigations of acquired dysgraphic patien ts reveal distinct 
patterns of spelling that can be explained by the dual-route model of 
spelling. A cquired surface dysgraphic paients (e.g., JG, G oodm an & 
Caram azza, 1986) are characterised by an im paired ability to spell 
orthographically  irregular w ords while retaining the ability  to spell 
nonwords. This is interpreted as having a preserved sublexical route and 
an im paired direct lexical route. The second pattern  of perform ance, 
acquired phonological dysgraphia (e.g., patient GE, Patterson, 1986), is 
characterised by impaired spelling of nonwords while having a relatively 
preserved ability to spell real w ords, despite an inability to comprehend 
words spelt. The direct lexical route is assum ed to be intact while the 
sublexical and lexical via sem antic routes are im paired. The double
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dissociation between familiar w ord and nonw ord spelling has been used 
as support for separable lexical and sublexical procedures in spelling 
(Barry, 1988; Caram azza, 1991; Ellis, 1982). In addition acquired deep 
dysgraphia is characterised by spelling that is dom inated by the semantic 
pathw ay (Margolin & Goodman-Schulman, 1992).
Treim an (1993) believes that the dual-route model of spelling is 
compatible w ith  the finding that phonological awareness is associated 
w ith learning to spell in that phoneme to grapheme correspondences are 
utilised. However, it remains to be seen whether connectionist models, 
proposed in opposition to dual-route models, also account for this finding. 
A lthough connectionist m odels have focussed prim arily  on reading, 
recent m odels have been pu t forward to account for spelling data (e.g., 
Olson, 1992)
Research into developm ental dysgraphia adopting the acquired 
framework has been limited. Several case studies have been docum ented 
w hich suggest sim ilarities be tw een  developm ental and  acqu ired  
dysgraphia. Temple (1986) reported tw o cases w hose spelling was 
quantitatively similar (based on spelling age) but qualitatively different. 
RB was observed to be poorer at spelling irregular w ords than  regular 
w ords and  nonw ords and to m ake reg u la risa tio n  e rro rs  (i.e., 
phonographically plausible). In contrast, AH m ade few regularisation 
errors and had equally accurate regular and irregular w ord  spelling. 
Temple interpreted RB as a developmental surface dysgraphic (and surface 
dyslexic) and AH as a developmental phonological dysgraphic, analogous 
to acquired surface dysgraphia and acquired phonological dysgraphia. 
Unfortunately, AH also had an impaired semantic route and was not a 
pure case of developmental phonological dysgraphia. It is also difficult to
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attribute to RB orthographic or phonological deficits as a large num ber of 
visual paralexias were made. Another case study has been reported by 
C am pbell and  B utterw orth  (1985) w ho docum ented  RE to be a 
developm ental phonological dysgraphic and phonological dyslexic. 
H anley et al (1992) reported  the case of A llan who exhibited both  
developmental surface dysgraphic and surface dyslexic patterns of spelling 
and reading. He displayed no difficulty using a phonological strategy in 
reading or spelling but had difficulty in learning to spell irregular words 
and perform ed poorly in lexical decision tasks and hom ophone definition 
tasks. This was interpreted as a prim ary deficit in  the developm ent of 
orthographic skills for spelling and reading, specifically underspecification 
of precise lexical representations.
A nother study  w hich investigated a g roup  of developm ental 
dysgraphic patients was conducted by Kleinman and Waber (1992). They 
investigated the acquisition of spelling in children treated  for acute 
lym phoblastic leukemia in order to address the question of w hether 
distinct processes, similar to those observed in adults, existed for spelling. 
The authors argue that the reason independent processes analogous to 
adults have not been substantiated in children m ay be due to the context 
of a developing system and not to discrete lesions. They propose that the 
neural substrates of children may be studied more effectively by focussing 
on events that d isrupt neurodevelopm ental processes, rather than those 
that d isrupt particular cognitive structures (i.e., those underlying reading 
and spelling). They found preliminary support for distinct phonological 
and orthographic strategies, w ith phonological strategies having a clear 
relationship to m aturational factors. It was suggested that experimental 
investigations employing irregular words and nonw ords could be useful
in delineating the cognitive processes underlying spelling difficulties in 
this particular group of children.
In sum m ary, stud ies investigating  developm ental dysgraph ia  
w ithin an acquired dysgraphia framework have consisted of several case 
studies that indicate similar patterns of spelling exist. In addition, a group 
of developm ental dysgraphic children were investigated in w hich some 
support for distinct phonological and orthographic strategies was found. 
However, the sam ple consisted of children w ith a neurodevelopm ental 
condition, thus, findings may not be generalisable.
The Present Study
The nature of developmental disorders of language is still a topic 
under debate. One question that remains is w hether language delayed 
children lag behind (i.e., are developmentally delayed) and will eventually 
catch up, or w hether they show distinct patterns of reading and spelling 
that are qualitatively different.
The present study is concerned w ith three questions. One, can 
d istinct pa tterns of developm ental dyslexia, analogous to acquired 
dyslexia, be observed in this sample. As investigations w ith  a dyslexic 
group looking at this question has been lim ited to one m ain study by 
Castles and Coltheart (1993) it will be useful to replicate this finding in a 
d ifferent sam ple w ith  a d ifferent set of stim uli. Two, are there 
qualitatively distinct patterns of developmental dysgraphia, analogous to 
acquired dysgraphia. It is possible that distinct subtypes of developmental 
dysgraphia have not been reported as spelling has been investigated less 
frequently than reading. Three, w hat is the nature of the relationship
betw een reading and spelling. That is, do individuals show the same 
pattern of reading as they do for spelling.
M ethod
Subjects
There were 80 subjects: 40 language delayed (LD) children and 40 
m atched controls (20 girls and 60 boys). The LD subjects w ere selected 
based on the following criteria; reading age (RA) was at least eighteen 
months behind chronological age (CA), and general intellectual ability (IQ) 
was within normal limits for their age. The control subjects were matched 
to the LD subjects by CA and school year with the proviso that RA was not 
delayed more than six m onths (see Table 1). All subjects had fluent 
English and norm al or corrected-to-norm al vision w ith no history of 
neurological illness. LD subjects were from  three schools. Control 
subjects came from either the same school as the LD subject they were 
matched to or a similar school located nearby.
M aterials
Reading age was determ ined by the Neale Analysis of Reading 
Ability Revised (Neale-R) (Neale, 1988). General intellectual ability was 
estim ated by adm inistration  of Raven's Progressive M atrices (RPM) 
(Raven, 1938).
Table 1
Mean (and range) Chronological Age, Reading Age, and Delay 
in Reading of Language Delayed and Control Groups
Group CA RA Delay
(CA-RA)
language delayed lOyrs 7yrs9mo 2yrs8mo
(7-14yrs)
control lOyrs 10yrs7mo**
(7-14yrs)
** ceiling of >12yrs6mo was reached by 19 control subjects, all having a 
CA of >12yrs.
To assess reading and spelling of irregular and nonw ords an 
experimental test was designed. A total of 90 w ords were compiled to 
form a list consisting of 30 stimuli from each of the following w ord types; 
regular w ords, irregular w ords, and nonwords. Regular and  irregular 
w ords were distinguished according to Venezky's (1970) criteria. W ord 
type was the m ain criterion for choosing the stim uli as this allowed 
separate assessm ent of the lexical and sublexical reading and spelling 
procedures. Several variables have been identified as im portant to control 
as reading and spelling may be influenced (as detailed in Roeltgen & 
Blaskey, 1992; Rack, et al, 1994). Thus, stimuli were m atched across the 
three w ord types on the following variables: initial phonem e; w ritten  
word frequency; age of aquisition; imageability; word length in num ber of 
letters and num ber of syllables; and gram m atical class. Values were
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derived from the Oxford Psycholinguistic Database (Quinlan, 1992). The 
stimuli and their values for the above variables are listed in A ppendix 1. 
Each stim ulus in the test battery was individually w ritten on index cards 
in lower case letters using black ink for the reading test. A double-sided 
A4 sheet of paper, ruled into blank boxes, was used for subjects to write 
dow n each stim ulus from dictation in the spelling test. O ther test 
materials included the RPM test booklet and answer sheets and the Neale- 
R test booklet and examiner recording sheets.
As the experimental reading and spelling test was developed for 
this study test-retest scores were obtained (approximately 8 weeks apart) 
from  a sm all num ber of ch ild ren  random ly  chosen from  bo th  
experimental and control groups. To examine stability of responses over 
time the num ber of children responding (ie. either reading or spelling) to 
each stimuli correctly at Time 1 (Tl) and Time 2 (T2) was correlated to 
determ ine w hether their was a significant relationship based  on each 
stimuli. A significant correlation of r=.83, t(87)= 13.89, p<.05, was found 
between the num ber of children reading each item correctly at T l and T2. 
A relationship of r=.79 was also observed between the num ber of children 
spelling each item correct at T l and T2, which was found to be significant, 
t(85)= 11.74, p c .05. Thus, reading and spelling sam ples obtained were 
concluded to have reliability over time.
Design and Procedure
A cross-sectional design was used. Subjects completed four tasks: 
Neale-R; RPM; a reading test; and a spelling to dictation test. The reading 
and spelling tests were never completed in the same testing session in 
order to remove possible memory effects. Thus, testing was completed in
two sessions w ith  at least one week break in between. The order of 
completing the reading or spelling test in the first testing session was 
counterbalanced over subjects (and age). All LD and control subjects were 
found to have general intellectual abilities w ithin  norm al range (i.e., 
equivalent to or above the 25th percentile) for their age according to 
norms provided by Raven (1986; cited in Spreen & Strauo, 1991).
Experimental reading and spelling testing occurred individually in 
an office, em pty classroom, or in the subjects' home. Each testing session 
was 30-60 m inutes in duration depending on the age of the subject, w ith 
younger subjects taking longer than older subjects. For the reading test, 
subjects were presented with each index card and asked to read the printed 
w ord aloud. The stimuli were randomly presented in a single block. No 
limit was applied to the response time. The pronunciation given was 
marked correct if it matched the Oxford criterion in the case of regular or 
irregular w ords or if it conformed to spelling-sound rules (Venezky's 
criterion) in the case of the nonwords. If the subject made spontaneous 
corrections, the final response was used in the analysis. For the spelling 
test, subjects were asked to listen to the w ord presented orally by the 
experim enter, then asked to prin t it. The order of presentation was 
random ised across subjects. The experimenter pronounced target stimuli 
twice. Real words were also dictated in a sentence, adding a meaningful 
context. H om ophonie stim uli were therefore d isam biguated in this 
manner. Spontaneous corrections were allowed if they occurred prior to 
subsequent stimuli being presented. The spelling was m arked correct if it 
m atched the accepted English spelling in the case of regular or irregular 
words or if it was phonographically acceptable in the case of the nonwords 
(e.g., 'blene', 'blean', 'bleen'). Subjects were informed some w ords were 
not real in the reading and spelling tests.
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Results
Developmental Dyslexic and Dysgraphic Subtypes Identified
Scores representing the total num ber correct (out of 30) were 
calculated for both reading and spelling of regular words, irregular words 
and nonw ords for each subject (see Appendix 2). Some children had 
scores so low for all stimuli that comparison between stimuli would have 
been meaningless. For this reason, 4 LD subjects (two 7yrs, one 13yrs and 
one 14yrs) were excluded from the spelling analysis using the criterion 
that performance on any of the three word type subtests for both reading 
and spelling m ust be more than 5/30 (cf Castles and Coltheart, 1993).
Reading.
Control group scores for irregular w ords and nonw ords were 
analysed using simple regression in order to establish a baseline of age- 
appropria te  perform ance on each task. Irregular w ord reading  and 
nonw ord reading were both regressed as a function of CA. A highly 
significant relationship was found between irregular w ord reading and 
CA, F (1,38)= 73.60, p<.001, w ith CA accounting for 66% of the variance in 
irregular w ord reading. This relationship did not deviate from linearity as 
indicated by examination of the residuals. A plot of the data w ith the line 
of best fit (slope=1.94, intercept= 2.21) can be observed in Figure 2.
3 7
#correct
10 11 13 14
chronological age (years)
Figure 2. Control group irregular w ord reading, w ith  90% confidence 
limits shown.
A highly significant relationship was also found betw een nonword 
reading and CA, F (1,38)= 31.29, p<.001, w ith CA accounting for 45% of the 
variance in nonw ord reading. Exam ination of the residuals did not 
provide evidence that this relationship deviated from linearity. Figure 3 
shows a plot of the data w ith the line of best fit added  (slope=1.38, 
intercept= 11.50).
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Figure 3. Control group nonw ord reading, w ith  90% confidence limits 
show n.
As norm al progression in reading has been clearly show n to be 
linear in nature, these estimates could be used as the basis for selecting 
those LD children particularly poor in reading irregular words and reading 
nonwords. Upper and lower confidence limits were established for both 
irregular w ord and nonword reading so that 90% of the scores fell w ithin 
the limits (5% upper and 5% lower limits) (see Figures 2 and 3). Based on 
this criteria, LD subjects were identified as having either irregular or 
nonw ord read ing  w ithin norm al limits or below the norm al lim it in 
comparison to control subjects.
Scores fell below established norm al limits for 18/40 (45%) LD 
subjects on irregular w ord reading, indicating abnorm al irregular w ord  
reading according to this m ethod of selection. Scores for LD subjects, 
including line of best fit and confidence limits determ ined by  the control 
group, are presented in Figure 4.
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Figure 4. Language delayed group irregular w ord reading, w ith 90% 
confidence limits shown.
N onw ord reading scores fell below the normal limit for 21/40 (53%) 
LD subjects, indicating abnormally low nonword reading for their age on 
the basis of these selection criteria. Scores for LD subjects w ith  the line of
best fit and confidence limits from the control group added are presented 
in Figure 5.
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Figure 5. Language delayed group nonword reading, w ith 90% confidence 
limits shown.
Further, scores for the LD group fell below norm al limits on both 
irregular w ord and nonword reading for 13/40 (33%) subjects and within 
norm al lim its on both irregular and nonw ord reading for 15/40 (38%) 
subjects.
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N orm al irregular w ord  reading and abnorm al nonw ord reading 
was observed in 7 (18%) subjects. The pattern of reading represented is 
term ed developm ental phonological dyslexia. Normal nonw ord reading 
and abnorm al irregular w ord reading was observed in 5 (13%) subjects. 
This group reflects the pattern  of reading termed developm ental surface 
dyslexia.
In addition, one subject in the control group was observed to have 
norm al irregular w ord reading bu t nonw ord reading w hich fell below 
norm al lim its, indicating the same phonological dyslexic pa ttern  of 
reading as the 7 experimental subjects identified.
In order to provide further evidence for the validity of these results 
performance on regular w ord reading was examined. As the 30 regular 
w ord stimuli were m atched to the 30 irregular w ord stimuli on several 
variables any deficits found in irregu lar w ord read ing  should  be 
attributable to im paired lexical skills rather than extraneous influences. 
Thus, the 5 surface dyslexic subjects, assumed to have poor lexical skills, 
w ould be expected to have a greater difference betw een regular and 
irregular w ord reading than the control subjects. This was confirmed as 
the mean difference in regular and irregular word reading for the controls 
was 4.80 while the m ean difference for the surface dyslexic subjects was 
significantly higher at 9.20, t(43)=3.89, p<.01. Further, the 7 phonological 
dyslexic subjects, assumed to have intact lexical skills, should not exhibit a 
greater difference between regular and irregular w ord reading than the 
control subjects. Similarly, this was confirmed as the m ean difference 
between regular and irregular word reading for the phonological dyslexic 
subjects was 6.60 which did not differ significantly from the controls, 
t(45)=-1.73, ns.
Spelling.
Simple regression of scores obtained by the control group for 
irregular w ords and nonw ords was used in order to form a picture of 
spelling for norm al children. Similar to reading, irregular w ord spelling 
and nonw ord spelling were regressed as a function of CA. A highly 
significant relationship was found betw een irregular w ord spelling and 
CA, F (1,38)= 137.46, p<.001, w ith CA accounting for 78% of the variance in 
irregular w ord spelling. This relationship did not deviate from linearity 
as indicated by examination of the residuals. A plot of the data w ith the 
line of best fit present can be seen in Figure 5 (slope=2.78, intercept= -9.47).
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Figure 6. Control group irregular w ord spelling, w ith 90% confidence
limits shown.
A gain a h ighly  significant rela tionsh ip  w as found  betw een  
nonword spelling and CA, F (1,38)= 33.85, p<.001, w ith CA accounting for 
47% of the variance in nonw ord  spelling. No evidence of th is 
relationship deviating from linearity was indicated by exam ination of the 
residuals. The data, w ith the line of best fit added (slope=1.22, intercept= 
10.16), can be observed in Figure 7 .
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Figure 7. Control group nonw ord spelling, w ith 90% confidence limits 
show n.
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A clear linear progression in norm al spelling has been found, 
allowing these estimates to be used as the basis for selecting those LD 
children particu larly  poor in  spelling irregular w ords and  spelling 
nonwords. Similar to reading, upper and lower 90% confidence limits 
were established for both irregular word and nonword spelling (5% upper 
and 5% lower limits) (see Figures 6 and 7). Based on these criteria LD 
subjects were identified as having either irregular or nonw ord spelling 
w ithin  norm al lim its or below norm al lim its w hen com pared to the 
control subjects.
Scores fell below the normal limit for 10/36 (28%) LD subjects for 
irregular w ord spelling, indicating abnorm al irregular w ord  spelling 
according to this m ethod of selection. The scores for the LD subjects, 
including the line of best fit and confidence limits based on the control 
group, are presented in Figure 8.
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Figure 8. Language delayed group irregular w ord spelling, w ith  90% 
confidence limits shown.
Scores on nonw ord spelling fell below the norm al lim it for 21/36 
(58%) LD subjects, indicating abnormally low nonw ord spelling for their 
age on the basis of these selection criteria. Scores for the LD subjects, w ith 
the line of best fit and confidence limits derived from the control group, 
are presented in Figure 9.
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Figure 9. Language delayed group nonword spelling, w ith 90% confidence 
limits shown.
Scores for the LD group fell below normal limits on both  irregular 
w ord and nonw ord spelling for 6/36 (17%) subjects and w ith in  norm al 
limits for 10/36 (28%) subjects.
Norm al irregular w ord spelling and abnorm al nonw ord spelling 
was observed in 16 (44%) subjects, interestingly only one of these was over 
12 years of age. This group reflect the pattern  of spelling term ed 
developm ental phonological dysgraphia. Normal nonw ord spelling and 
abnormal irregular w ord spelling was observed in 4 (11%) subjects. This
group reflect the pa ttern  of spelling term ed developm ental surface 
dysgraphia.
Further evidence for the validity of these results was elicited by 
exam ination of perform ance on regular w ord spelling. D ue to the 
m atching of the 30 regular and 30 irregular w ord stim uli on several 
variables any deficits found in irregu lar w ord  spelling should  be 
attributable to impaired lexical skills rather than extraneous factors. Thus, 
a greater difference between regular and irregular w ord spelling would be 
expected for the 4 surface dysgraphic subjects, assumed to have poor lexical 
skills, than  for the control subjects. This was confirmed as the m ean 
difference in regular and irregular word spelling for the controls was 4.20 
while the m ean difference for the surface dysgraphic subjects was 
significantly higher at 8.80, t(42)=-4.39, p c .01. Further, the difference 
betw een regular and irregular w ord spelling for the 16 phonological 
dysgraphic subjects, assum ed to have intact lexical skills, should not be 
greater than the control subjects. Similarly, this was confirm ed as the 
m ean difference betw een regular and irregular w ord spelling for the 
phonological dysgraphic subjects was 3.40 which did not differ significantly 
from the controls, t(54)=0.59, ns.
Reading and Spelling.
From the LD subjects identified as either being phonological or 
surface dyslexics or phonological or surface dysgraphics, it was of interest 
to observe the incidence where two of these developm ental reading and 
spelling varieties co-occurred. Out of the 12 dyslexics and 20 dysgraphics 
identified  from  the LD sam ple, 9 children were observed as both  
developmental dyslexic and dysgraphic, w ith 6 children (aged 9, 10 (*2), 11,
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12, and 14 years) show ing a phonological dyslexic and phonological 
dysgraphic pattern. One child (14 years) showed a surface dyslexic and 
surface dysgraphic pattern. Finally, two children (7 and 11 years) w ere 
observed as surface dyslexic and phonological dysgraphics. Phonological 
dyslexia and surface dysgraphia in the same child was never observed.
In order to examine reading and spelling associations in the LD 
population, subjects were investigated to see if the same pattern of reading 
and spelling were exhibited, regardless of whether that pattern  showed a 
dissociation, was normal, or generally poor. As observed previously, 6 
subjects showed both phonological dyslexia and phonological dysgraphia 
and 1 subject showed a surface dyslexic and surface dysgraphic pattern. In 
addition, 7 subjects were w ithin norm al lim its for both  reading  and  
spelling perform ance and 4 subjects were below norm al lim its for both 
reading and spelling performance. Thus, 18/36 (50%) of the LD subjects 
were observed to have the same pattern of performance in both  reading 
and spelling.
In order to examine whether reading and spelling are dissociated in 
the LD population these subjects were re-classified as good spellers/poor 
readers on the basis of performing w ithin normal limits on both irregular 
w ord and nonw ord spelling, while perform ing below norm al limits on 
irregular w ord and nonword reading. For 2 subjects, spelling performance 
was found to be w ithin norm al limits, while reading perform ance w as 
below norm al limits for irregular word reading skill. Thus, good spelling 
co-occurred w ith  poor reading of irregular words and norm al nonw ord 
reading (surface dyslexics). The reverse pattern  of good read ers /p o o r 
spellers was exhibited by 6 LD subjects; irregular w ord and nonw ord 
reading perform ance w ithin norm al limits, while irregular w ord and
nonw ord spelling performance was below normal limits. Norm al reading 
perform ance was accom panied by poor irregular w ord spelling and 
normal nonword spelling performance for 2 subjects (surface dysgraphics), 
norm al irregular w ord spelling and poor nonw ord spelling performance 
for 3 subjects (phonological dysgraphics), and poor spelling for both word 
types in 1 subject. The finding of both good spellers/poor readers and good 
readers/poo r spellers indicates that the tasks employed for reading and 
spelling were equally difficult.
Further Dissociations Identified
In addition to identifying the dyslexic and dysgraphic subjects who 
were found to be markedly poorer at reading and spelling either irregular 
words and nonwords, it was of interest to identify those LD subjects who 
showed a dissociation. That is, relatively good reading or spelling of either 
irregular w ords or nonw ords w ith the converse task being perform ed 
poorly. A simple regression of control group scores was perform ed for 
both reading and spelling w ith nonwords being regressed onto irregular 
words and also irregular words regressed as a function of nonwords. This 
allowed estimates of reading and spelling scores for both irregular words 
and nonw ords to be predicted by scores obtained for both nonw ords and 
irregular w ords, respectively. This contrast provides a control for the 
effect of CA and also for the effect of w ord type difficulty on reading and 
spelling performance. If no dissociation exists betw een perform ance on 
these tasks, scatter from  the regression  line w ould  be m inim al. 
A lternatively, if there is a dissociation betw een irregular w ord  and 
nonw ord skills for reading and spelling, scatter w ould be expected and 
some LD subjects would fall below normal limits.
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Reading.
A significant relationship betw een irregular w ord and  nonw ord 
reading was found, F(l,38)=31.86, p c .001. Nonw ord reading as a function 
of irregular w ord reading is presented in Figure 10a w ith the line of best fit 
added (intercept=12.97, slope= .58). To investigate any differences in task 
difficulty, the converse analysis was performed. That is, irregular w ord 
reading  w as predicted from  nonw ord reading. This is graphically  
presented in Figure 10b (intercept=2.46, slope=.79). In order to determine 
which of the LD group fell below predicted values, 90% percent confidence 
limits were established (5% upper and 5% lower limits).
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Figure 10a. Control group irregular w ord reading by nonw ord reading, 
with 90% confidence limits shown.
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Figure 10b. Control group nonw ord reading by irregular w ord reading, 
w ith 90% confidence limits shown.
The results of the LD group for nonw ord reading as a function of 
irregular words can be seen in Figure 11a and irregular word reading as a 
function of nonw ord reading can be seen in Figure l ib ,  w ith the line of 
best fit and confidence limits for the control group added. It was found 
that 10/40 (25%) LD subjects fell below the norm al limit for nonw ord 
reading w hen predicted from irregular word reading scores. Thus, below 
normal nonword reading based on the level expected given irregular w ord 
reading (regardless of whether this was normal or poor), was observed in
this subgroup. As mentioned previously this result could be due to task 
difficulty, in that nonword reading was harder than irregular reading, the 
opposite regression was analysed. W hen irregular w ord  reading  was 
predicted from nonword reading 2/40 (5%) LD subjects fell below norm al 
limits. That is, reading of irregular words was poorer than expected based 
on nonw ord reading. This indicates a discrepancy in task difficulty is 
unlikely as the opposite dissociation has been found.
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Figure 11a. Language delayed group irregular word reading by nonw ord 
reading, w ith 90% confidence limits shown.
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Figure l ib . Language delayed group nonword reading by irregular w ord 
reading, w ith 90% confidence limits shown.
Spelling.
Irregu lar w ord and nonw ord spelling w as found to have a 
significant relationship, F(l,38)=53.91, p c .001. N onw ord spelling as a 
function of irregular w ord spelling are presented in Figure 12a w ith the 
line of best fit added (intercept=14.44, slope= .43) and irregular w ord 
spelling as a function of nonw ord spelling are presented sim ilarly in 
Figure 12b (intercept=-10.92, slope=1.35). In order to predict which of the 
LD group  fell below predicted values, 90% confidence lim its were 
established (5% upper and 5% lower limits).
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Figure 12a. Control group irregular w ord spelling by nonw ord spelling, 
w ith 90% confidence limits shown.
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Figure 12b. Control group nonword spelling by irregular w ord  spelling, 
w ith 90% confidence limits shown.
The LD group scores for nonword spelling as a function of irregular 
w ord spelling can be seen in Figure 13a and irregular w ord spelling as a 
function of nonw ord spelling can be seen in Figure 13b, w ith the lines of 
best fit and confidence lim its for the control group present. W hen 
nonw ord spelling was predicted from irregular word spelling scores, 12/36 
(33%) LD subjects were found to fall below normal limits. Thus, nonword 
spelling was below the level expected given their irregular w ord  spelling 
(regardless of whether this was normal or poor). As nonw ord spelling 
may simply be a more difficult task, the opposite prediction was analysed. 
W hen irregular word spelling was predicted form nonword spelling 1/36
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(3%) LD subject fell below norm al limits. That is, spelling of irregular 
w ords was poorer than expected based on nonword spelling. In contrast, 
3 /36  (8%) LD subjects fell above the norm al lim it w hen irregular w ord 
spelling was predicted on the basis of nonword spelling. Thus, given their 
level of nonw ord spelling, irregular w ord spelling was better than w ould 
be expected. In addition, as a dissociation has been found betw een 
nonw ord and irregular w ord spelling, it is unlikely that one task is more 
difficult than the other.
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Figure 13a. Language delayed group irregular word spelling by nonw ord 
spelling, w ith 90% confidence limits shown.
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Figure 13b. Language delayed group nonword spelling by irregular w ord 
spelling, w ith 90% confidence limits shown.
In summary, a clear dissociation between performance on irregular 
w ord  and nonw ord reading was observed in  12/40 LD subjects. A 
phonological dyslexic pattern was shown in 7 LD subjects, w hich is in 
contrast to the 5 subjects who showed a surface dyslexic pattern. This set of 
results replicates the findings of Castles and Coltheart (1993). A similar 
dissociation betw een perform ance on irregu lar w ord  and nonw ord  
spelling was observed in 20/36 LD subjects. A phonological dysgraphic 
pattern  was found in 16 subjects, w ith the reverse pattern  of surface 
dysgraphia found in 4 subjects. These dissociations found were strongly 
supported  by the LD group w hen the effect of CA was controlled for.
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Finally, 9 LD subjects were found to be both developmental dyslexic and 
developm ental dysgraphic: 6 subjects w ere found  to exhibit bo th  
phonological dyslexic and phonological dysgraphic patterns; surface 
dyslexia and surface dysgraphia were both found in 1 subject; and surface 
dyslexia and phonological dysgraphia were observed in 2 subjects. No 
subject exhibited both  phonological dyslexia and surface dysgraphia. 
Interestingly, 2 LD subjects were observed to be good spellers but poor 
readers. In contrast, 6 LD subjects were found to be good readers but poor 
spellers. The same pattern of reading and spelling was found in 18 LD 
subjects. In addition, reading and spelling were both within norm al limits 
for 7 LD subjects and the reverse of both below normal limits was found in 
a further 4 LD subjects.
Discussion
The results of this study confirmed the prediction that qualitatively 
distinct patterns of reading and spelling exist in language delayed children. 
S pecifically , d is tin c t p a tte rn s  of d ev e lo p m en ta l dyslex ia  and  
developm ental dysgraphia, analogous to acquired dyslexia and acquired 
dysgraphia, were found. In addition, the nature of the relationship 
betw een reading and spelling was investigated in term s of the distinct 
patterns of reading and spelling found. The m ain findings will be 
discussed and clinical and diagnostic implications will be addressed.
First, distinct subgroups of developmental dyslexic children were 
identified. A clear dissociation betw een irregular w ord reading and 
nonw ord reading was found in 31% of the LD group. That is, reading 
performance was not simply below average in both tasks, but average on 
one task and below average on the other task. This indicates qualitative
differences in reading skills exist within the dyslexic group. Thus, dyslexic 
children do not form a homogeneous group in which a general delay in 
reading skills is present. There were 7 developm ental phonological 
dyslexics, showing a pattern of reading in which irregular w ord reading 
was average and nonw ord reading was below average. This pattern  of 
reading is characterised by a deficit in  spelling-sound rules and is 
analogous to acquired phonological dyslexia. The converse w as true for 
the 5 developm ental surface dyslexics in that nonw ord reading  w as 
average and irregular reading was below average. A cquired surface 
dyslexic readers show a similar pattern of reading in which a deficit in 
whole w ord recognition is characteristic.
Further support for a dissociation between irregular w ord reading 
and nonword reading skills was elicited by a different method, controlling 
for the effects of CA and word type difficulty. Irregular word reading and 
nonw ord reading performances were both regressed onto the converse 
task, allowing performance on one task to be predicted by that obtained on 
the other. A dissociation was found in 30% of the LD group of which 25% 
were found to have below average nonword reading perform ance w hen 
predicted from irregular w ord reading perform ance. This pa ttern  of 
reading reflects phonological dyslexia. In contrast, perform ance on 
irreg u la r w ord  read ing , w hen p red ic ted  from  n o nw ord  read ing  
perform ance, w as found below average for 5% of LD subjects w hen 
compared to the control group. This reflects a surface dyslexic pattern of 
reading.
The existence of distinct subgroups of developm ental dyslexia 
found in this study confirms the findings of Castles and Coltheart (1993), 
and can be explained by dual-route theory. A deficit in spelling-sound
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rules, as observed in the 7 developmental phonological dyslexics, implies 
norm al functioning of the lexical route, whereas a deficit exists in the 
functioning of the sublexical route. The converse was indicated for the 5 
developm ental surface dyslexics as the sublexical route w as functioning 
w ith in  average and a deficit was found in whole w ord  recognition, 
implicating the lexical route (see Figure 1). Importantly, a dissociation in 
lexical and sublexical processes was evident in the developmental dyslexic 
group which can easily be acounted for by the dual-route model of reading. 
In contrast, connectionist parallel d istributed processing m odels (e.g., 
Seidenberg & McClelland, 1989), that propose a single process for w ord 
recognition of irregular w ords and nonw ords, cannot explain these 
dissociations found. Also, the parallel distributed processing models do 
not account for phonological skills children appear to have before they 
learn to read (Ellis, 1985).
Distinct subgroups of developmental dyslexia indicate that dyslexics 
do not form a hom ogeneous group w ith a single deficit. This suggests 
m odels p roposing  a core deficit in phonological processing  (e.g., 
Stanovich's PCVD model, 1992, 1993) are incomplete. It may be the case 
for some dyslexic children that phonological processing deficits form the 
core deficit in reading  difficulties, how ever, these child ren  form  a 
subgroup of dyslexia. Reitsma (1989) argued that a single deficit, based on 
phono log ical processing deficits, underlies dyslexia even  though  
orthographic difficulties can be observed. He suggested orthographic 
deficits stem  from phonological processing deficits in tha t problem s 
storing orthographic representations in a m ental lexicon result from 
deficits in obtain ing  and generalising spelling-sound rules. This 
possibility cannot be ruled out, although little evidence supports this 
notion and difficulties arise in testing it. Also im plied is the general
developm ent of phonological strategies prior to orthographic strategies, 
which has yet to be established.
A developmental lag explanation of developmental dyslexia is also 
unlikely as qualitative differences between dyslexic subtypes are indicated. 
A delay in specific skills, either phonological or o rthograph ic , is 
im probable  as a dissociation betw een skills w as found  and if a 
developm ental delay explained dyslexia a general delay in all reading 
skills w ould be expected. This supports W aterm an and Lewandowski's 
(1993) and Bruck's (1992) conclusion that a sole delay in phonological 
processing cannot explain differences in reading.
W aterm an and Lewandowski (1993) investigated phonological and 
sem antic perform ances of good and poor readers. They found poor 
readers relied on a w eak-functioning phonological system  less w hen 
semantic inform ation was available for coding. Also, more pseudow ord 
rhym ing errors were noted for older (14-16 years) poor readers than older 
good readers, suggesting poor readers become more sensitive to phonology 
w ith age, w ithout an increase in efficiency. Further, the strategy used by 
poor readers was observed to switch between pseudoword and word tasks, 
whereas good readers did not switch strategies. This combined w ith the 
differential performance of young (8-10 years) good and older poor readers 
on the phonological aw arenesss task w as argued  to w eaken the 
developm ental lag explanation. That is, developm ent alone does not 
explain the difference in phonological skills in good and poor readers.
Bruck (1990, 1992) conducted a study that further underm ines the 
developm ental lag explanation of developmental dyslexia. In a sample of 
adults diagnosed in childhood as developmental dyslexics, phonological
awareness deficits were found to persist throughout the lifespan and 
rem ain a critical barrier to the acquisition of reading skills. Hence, as 
phonological processes never "catch up" and develop to an age- 
appropriate level of functioning, no delay exists. Developmental dyslexics 
are thought to be "arrested" in the aquisition of reading as a sim ilar 
pattern has been observed in younger children. It is interesting that this 
deficit was associated w ith a failure to use orthographic information when 
m aking phonological judgm ents. Why this association w as observed 
rem ains unclear, in that a deficit in  know ledge of spelling-sound 
relationships or an independence of orthographic and phonological 
processes (e.g., dual routes) may be responsible.
The finding of both phonological and orthographic deficits adds 
w eight to the m u ltivaria te  investigations w hich im plica ted  bo th  
phonological and orthographic processing skills in accounting for variance 
in w ord recognition ability (Stanovich & Cunningham , 1992). Further, 
this study  indicates that variance accounted for by phonological and 
orthographic skills can be independent and specific to certain subjects.
The second main finding was the existence of distinct subgroups of 
developm ental dysgraphia. Previous research has im plied that distinct 
types of developm ental dysgraphia exist, however, evidence has been 
limited to single case studies (e.g., Campbell & Butterworth, 1985; Hanley, 
et al, 1992). The findings of this s tu d y  indicate  subgroups of 
developm ental dysgraphia, analogous to acquired dysgraph ia , are 
prevalent in children who are language delayed. Irregular w ord  spelling 
and nonw ord spelling were observed to be clearly dissociated in 55% of 
these children. Importantly, spelling was not below average in both skills, 
but below average in one skill and average on the other skill. Qualitative
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differences in spelling skill is indicated w ithin developmental dysgraphic 
children. Therefore, dysgraphic children do not form  a hom ogeneous 
group w ith  a common spelling deficit. There were 16 developm ental 
phonological dysgraphics in which irregular w ord spelling was average 
and nonw ord spelling was below average. This pattern  of spelling is 
characterised by a deficit in sound-spelling rules, sim ilar to acquired 
phonological dysgraphia. In contrast, 4 developmental surface dysgraphics 
were observed to have average nonw ord spelling and below  average 
irregular word spelling. This pattern of spelling is characterised by a deficit 
in  w hole w ord  spelling w hich is analogous to acquired  surface 
dysgraphics.
The existence of distinct subgroups of developmental dysgraphia is 
further confirm ed by 44% of dysgraphics show ing a dissociation w hen 
performance on one task was predicted by spelling perform ance on the 
other task. Below average irregular w ord spelling perform ance, w hen 
predicted from nonw ord spelling performance, was found in 33% of LD 
children, reflecting a phonological dysgraphic p a tte rn  of spelling. 
Performance on irregular w ord spelling, w hen predicted from  nonw ord 
spelling perform ance, was found below average for 3% of LD children 
when com pared to the control group. This reflects a surface dysgraphic 
pattern of spelling. In contrast, a dissociation was also found from the 8% 
of LD children whose performance on irregular w ord spelling was above 
average w hen predicted from nonword spelling performance.
These distinct subgroups of developm ental dysgraphia can be 
explained by the dual-route model of spelling. The pattern  of spelling 
observed in 16 developmental phonological dysgraphics is characterised by 
a normally functioning lexical route and a deficit in the functioning of the
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sublexical route. The 4 developm ental surface dysgraphics can be 
characterised by the reverse, in which normal functioning of the sublexical 
and a deficit in functioning of the lexical route is indicated (see Figure 1). 
In particular, lexical and sublexical spelling processes were observed to be 
dissociated in developmental dysgraphic children which can be explained 
by dual-route theory.
Subgroups of dysgraphic children w ith distinct deficits in either 
phonological or orthographic processes emphasises the importance of both 
these skills for skilled spelling. Phonological processes are documented by 
several researchers to be integral in spelling acquisition and skill (Beers & 
Beers, 1992; Treiman, 1993). This study strongly supports the importance 
of phonological processes in spelling ability. A greater proportion  of 
phonological dysgraphics were found in this study w hen com pared to 
phonological dyslexics. That is, more children were found to have a 
deficit in sublexical spelling processes than sublexical reading processes. 
This could support the contention that phonological processes are more 
im portant for spelling ability than reading ability. As investigations into 
spelling processes are still in the early stages, the danger is to follow the 
trend in reading research and focus solely on phonological deficits as the 
key deficit. This study clearly indicates that a subgroup of dysgraphics exist 
in which orthographic deficits are the prim ary problem in spelling ability, 
confirming Rubin's (1991) suggestion that an understanding of phonemic 
segmentation was insufficient in developing good spelling skills.
Several possibilities have been proposed to explain orthographic 
processing deficits. It may be that dysgraphics have difficulty accessing 
orthographic representations from a mental lexicon. A lternately, Maul 
and Ehri (1991) argued that use (i.e., access) of orthographic knowledge by
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dysgraphic spellers does not differ from good spellers, however the ability 
of dysgraphics to form orthographic representations initially w hen reading 
is poorer. This explanation is similar to that proposed by Reitsma (1989) 
for orthographic deficits in  reading. Problem s storing orthographic 
representations w ere thought to stem from  phonological processing 
deficits in reading. If this hypothesis has validity, poor readers in both 
phonological and orthographic skills, in addition to surface dysgraphia, 
w ould be expected. The sample of LD children investigated in this study 
consisted of 1 subject who displyed this latter pattern  of reading and 
spelling, lending tenuous support for this notion.
Investigations into the nature of reading and spelling w ithin the 
same child revealed that 9 LD children were observed to be bo th  
developm ental dyslexic and developm ental dysgraphic. Phonological 
dyslexia and phonological dysgraphia were observed together in 6 
children. That is, both nonword reading and spelling were below average, 
whereas both reading and spelling of irregular words were normal. These 
children can be characterised as having a deficit in sublexical reading and 
spelling procedures. One child was found to be both surface dyslexic and 
surface dysgraphic. Normal nonword reading and spelling and irregular 
w ord read ing  and spelling were both below average, w hich can be 
characterised by a deficit in lexical reading and spelling procedures. Also, 
two children were observed to be both surface dyslexic and phonological 
dysgraphic. That is, nonw ord reading and irregular w ord spelling were 
norm al, w hereas irregular w ord reading and nonw ord spelling were 
below average. This can be characterised by deficits in the reading lexical 
procedure and spelling sublexical procedure. Phonological dyslexia and 
surface dysgraphia were never coincident. Thus, deficits in the sublexical 
procedure for reading and lexical procedure for spelling were never found
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together (see Figure 1). Conceptualisation of reading and spelling by dual­
route theory can accom m odate the co-occurences of developm ental 
dyslexia and developmental dysgraphia outlined.
C h ild ren  found  to have bo th  developm ental dyslexia and  
developm ental dysgraphia provide a basis for d iscussion of specific 
com ponents of the functional architecture of the dual-route m odel of 
reading and spelling. First, surface dyslexia and surface dysgraphia can be 
characterised by a deficit in the lexical reading and lexical spelling 
procedures. It is possible that lexical reading and spelling processes access a 
single orthographic lexicon, as opposed to separate inpu t and ou tpu t 
orthogrpahic lexicons (see Figure 1). This latter account of surface dysleixa 
and surface dysgraphia is currently under debate in relation to acquired 
disorders (see Behrman & Bub, 1992; Weekes & Coltheart, 1994) and 
developmental disorders (see Hanley, et al, 1992).
Secondly, the nature of the sublexical procedure used in reading and 
spelling can be addressed. The process of translating phonem es to 
graphemes and graphemes to phonemes can be conceptualised as distinct 
for reading and spelling. As a deficit in the sublexical route was observed 
in either reading or spelling, one sublexical route is functioning normally, 
whereas the other sublexical route is functioning below average. That is, 
one is not the converse of the other as dissociations in functioning were 
found. Specifically, phonological dyslexia and surface dysgraphia were 
never observed in the same child. This indicates that norm al functioning 
of the sublexical spelling procedure in conjunction w ith below  average 
functioning of the sublexical reading procedure did not occur. In addition, 
two children were observed to be both surface dyslexic and phonological 
dysgraphic. That is, norm al functioning of the sublexical reading
procedure and below average functioning of the sublexical spelling 
procedure. The implication is that the sublexical procedures for reading 
and spelling are not reversible, that is one is not the converse of the other. 
This supports Snowling and Goulandris' (1992) conclusion regarding the 
spelling and reading observed in the case study of David, whose spelling 
did not necessarily access the orthographic store of inform ation available 
for reading.
Reading and spelling have been thought dissociated skills by some 
and to be related by others. The nature of the relationship is complex and 
remains one of controversy, as this study indicated both an association and 
dissociation betw een reading and spelling. A dissociation was found 
between reading and spelling skills as 8 subjects were good readers bu t 
poor spellers. Previous research has docum ented the existence of good 
readers/poor spellers (Frith, 1980). In addition, Frith found this group 
spelt words solely via sound-spelling rules (a sublexical process) and not by 
accessing whole w ord representations (a lexical process). This study, in 
contrast, found that in some cases of good readers-poor spellers, a lexical 
procedure was predom inantly used to spell (e.g., phonological dysgraphic 
children).
Previously, the lack of children observed to be good spellers/poor 
readers was used as evidence for an association betw een reading and 
spelling processes (e.g., Maul & Ehri, 1991), in that spelling skills are 
parasitic on reading skills. However, very young children have been 
observed to spell words they were unable to read (Bryant & Bradley, 1985). 
A surprising finding in this study was the existence of 2 subjects who were 
good spellers but poor readers, indicating the existence of a group of 
children who were poor spellers but good readers was not due to task
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difficulty. This implies that reading and spelling are dissociated cognitive 
skills. However, the basis of the dissociation is unclear. It is possible that 
the know ledge sources, processes and strategies used in reading and 
spelling are different. Dual-route theory supports this notion as the 
different strategies for reading  and spelling (i.e., phonological and 
orthographic) are viewed to be separable. Alternatively, it is possible that a 
dissociation is based on reading experience having no influence on 
spe lling  p e rfo rm ance , w ith  specific reference  to o rth o g rap h ic  
representations used in spelling. If the latter is true, children who are 
good readers but poor spellers w ould not be expected to be phonological 
dysgraphic spellers (i.e., average functioning of the lexical route and a 
deficit in the sublexical route), which was not the case as 5 good 
readers/poor spellers were found to be phonological dysgraphics.
An association betw een reading and spelling was supported  by 
determ ining which subjects showed the same pattern of reading as they 
did for spelling. Overall 50% of LD subjects were found to exhibit the 
same reading and spelling pattern with 7 subjects found to have both skills 
w ithin the average range and 4 subjects showing below average reading 
and spelling performances. In addition, as previously outlined, 6 subjects 
showed both a phonological dyslexic and phonological dysgraphic pattern 
and 1 subject show ed both a surface dyslexic and surface dysgraphic 
pattern.
As evidence for both a dissociation and association has been found, 
it is possible that reading and spelling are related but spelling is simply a 
harder skill. Several have suggested that spelling requires recall of entire 
letter sequences, whereas reading only required partial cues to trigger word 
recognition (Gill, 1992; Joshi & Aaron, 1991; Zuteil, 1992). Based on the
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num ber of stimuli correctly read or spelt for each subject in this study, raw 
scores for spelling were lower overall w hen compared to reading raw 
scores (i.e., less spelt correct). Thus, it is possible that reading and spelling 
are associated bu t the difference in difficulty hypothesised betw een the 
skills is reflected in the dissociation observed.
Alternative Approaches
The appropria teness of applying the acquired fram ew ork to 
developmental disorders in general has been questioned on several issues. 
The fundam ental assum ption of the field of cognitive neuropsychology, 
w ithin w hich acquired models have been developed, is that behaviour 
manifested by acquired patients reveals information about the functional 
architecture of the normal system (Ellis & Young, 1988). It has been argued 
that applying the same framework to a system containing developm ental 
deficits im plies they can be explained by functional lesions in the 
developing system (Temple, 1986). However, advocates of this approach 
w ould argue that the commonality between acquired and developm ental 
disorders rests in abnormal functioning of processes which m ay be due to 
either a disruption in acquiring it or to a lesion which destroys it.
A further m ain criticism in em ploying an acquired d isorders 
fram ework in understanding developmental disorders is that the process 
of developm ent is not accounted for. A developmental theory, not based 
on an existing skilled system, has been stated to be crucial as learning and 
acquisition is progressive (Morrison, 1991). A developmental perspective 
w ould argue analysis of the interaction betw een underlying cognitive 
strengths and w eaknesses and the em erging pattern  of reading  and
spelling skills found in children (normal) is necessary. Thus, aligning 
children with adults has been stated as inappropriate.
Developmental models of reading and spelling have been proposed 
which are thought to make predictions of developm ental dyslexia and 
dysgraphia. For example, Frith (1985) addressed the question of w hether 
comparisons betw een developm ental and acquired disorders of w ritten  
language are meaningful. A stage model was proposed in w hich reading 
and spelling skills are acquired in a sequential order w ith new  strategies 
introduced at different points in time. The outcome is a skilled reader or 
speller, and a developmental disorder is a persistent failure to progress to 
the next step in the sequence. D isruption in this acquisition process is 
hypothesised to predict and result in different reading and  spelling 
disorders (Roeltgen & Blaskey, 1992).
D evelopm ental m odels of read ing  and spelling p rov ide  an 
a lternative  fram ew ork for explaining developm ental d iso rd e rs  of 
language. How ever, the questions this perspective addresses m ust be 
answered w ith a longitudinal design and cannot be addressed in a cross- 
sectional study such as the present one. Reading and spelling skills at a 
given time are the focus of the present study, w hereas a longitudinal 
design could investigate how these processes develop in children and if 
disrupted w hat pattern  of reading and spelling is observed at particular 
developmental stages. This would be useful in examining questions about 
the interaction betw een reading and spelling and also possibly answer 
questions concerning the reason for the observed patterns of reading and 
spelling. That is, a cross-sectional design like that used in this study 
indicates the prevalence of distinct subgroups of dyslexia and dysgraphia
and provides explanations for the deficits (e.g., dual-route theory), bu t the 
question of why these deficits arise remains unanswered.
In addition to theoretical considerations, Snowling (1983) highlights 
two methodological problems inherent in the comparison of children and 
adults. Firstly, the selection of subjects is complicated when age as well as 
am ount and type of rem ediation previously received are taken into 
consideration. Secondly, children are more susceptible to experim enter 
and task dem ands. Thus, clues as to which strategy to em ploy may 
influence the pattern  of reading and spelling produced. It may be 
im portant to address these concerns in future investigations.
As several investigators have found variables of w ords influence 
reading and spelling (for review see Roeltgen & Blaskey, 1992) the stimuli 
compiled for this study were carefully matched on several variables to 
control for unexplained variation in reading and spelling performance. It 
is possible that complex variables influenced performance, particularly in 
the case of w ritten w ord frequency in relation to children. In addition to 
the fact that the Kucera and Francis (1967; extracted Q uinlan, 1992) 
frequency norm s are derived from an adult population, frequency has 
been thought to vary with age (Roeltgen & Blaskey, 1992). Thus, frequency 
may be inappropriately estim ated for a population of children, although 
the closely related variable of age of acquisition was controlled for in this 
study.
Spelling of nonwords was investigated by Barry and Seymour (1988; 
cited in Burden, 1989) who found spelling contingency w as a critical 
variable. Spelling contingency is the influence of frequency on the 
re la tionsh ip  betw een sound and spelling of vow els, em phasising
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inconsistency. They in terpreted this influence as operating w ithin the 
dua l-rou te  m odel of spelling in th a t p robabilistic  sound-spelling  
conversion procedures relate inconsistent vowels to w eighted lists of 
possible spelling patterns. A sublexical process operates w ith  the 
conversion procedures in itially  abstracted from lexical know ledge, 
although functionally independent. The w eightings of the spelling 
alternatives reflect the frequencies w ith  w hich the spelling patterns 
correspond to vowel phonem es in w ords. Burden (1989) looked at 
priming effects on nonword spelling and did not find evidence for the use 
of lexical analogies, suggesting spelling contingency m ay not be as 
im portant in nonw ord spelling.
An inherent problem  in the design of this study is the use of a 
sentence to provide context to the stim uli in the spelling test. This 
m ethod for presenting the stim uli was adopted  in order to rem ove 
am ibuity (e.g., to distinguish 'suite' from 'sweet'). As m ore irregular 
w ords w ere am biguous than  regular w ords it is possible that poor 
perform ance on irregular w ords actually reflected an inability to use 
context as a means of disam biguation rather than an inability to use a 
lexical process. Alternatively, where stimuli were not disam biguated it is 
possible that subjects simply had not learned to spell the w ord although 
had heard the w ord used in the context presented during conversation.
One potential lim itation of the present study is the screening 
procedure used to identify the experimental group. The children were 
identified on the basis of reading performance and spelling ability was not 
directly tested to determine a spelling lag. Reading and spelling have been 
reported to be related and this study partially supports this, however, some 
evidence for a dissociation was also indicated. The question which cannot
7 3
be answered by this study is exactly how prevalent the identified patterns 
of spelling are w ith in  children screened on the basis of spelling 
im pairm ents. It seems reasonable to hypothesise prevalence of surface 
and phonological subtypes of dysgraphia may be even greater am ongst 
children specifically identified from poor spelling performance.
Clinical and Diagnostic Implications
Distinct subgroups of developmental dyslexia and developm ental 
dysgraphia are indicated to be prevalent in children. Distinct subgroups of 
developmental dyslexia were identified in 33% of the LD children and 55% 
of this sample were identified as subtypes of developmental dysgraphia. 
Further, reading  and spelling perform ances are not identical w ith in  
children. That is, children may reflect different patterns of reading and 
spelling. In addition, some children are good readers but poor spellers or, 
alternatively, good spellers but poor readers.
In term s of diagnostic im plications, the existence of d istinct 
subgroups of developmental dyslexia and developmental dysgraphia have 
implications for the identification of below average readers and spellers 
and for rem ediation m ethods used to improve these skills. Identification 
of dyslexic and dysgraphic children can be more effective w ith a diagnostic 
tool that detects the distinct patterns found in this study, in addition to 
those children who have generally poor reading and spelling skills (i.e., 
unspecific poor skills). As dyslexic and dysgraphic children do not form a 
hom ogeneous group based on poor read ing  or spelling  skills in 
com parison to children w ith norm al skills, it is im portant to identify 
distinct subtypes (i.e., phonological dyslexia, surface dyslexia, phonological 
dysgraphia and surface dysgraphia). A diagnostic tool such as the list of
words compiled and used in this study can quickly accomplish this w ith 
ease. Com prehensive analysis of deficits (i.e., assessm ent) allows for 
greater specificity in remediation (i.e., treatment).
Remediation efforts can become more effective if deficits in specific 
skills can be targeted. This is in contrast to usual rem ediation efforts 
which target all skills related to reading or spelling. If rem ediation can be 
focussed to a greater degree, the obvious benefit is efficiency of resources 
used in this task. In particular, special learning teachers can save time and 
energy in rem edial efforts w ith children showing a distinct pattern  of 
dyslexia or dysgraphia. The implications of rem ediation efficiency for 
education departm ents include saving m oney while obtaining more 
effective outcomes.
A lthough rem ediation is im portant in the process of acquiring 
w ritten language skills for children having difficulties in this process, it is 
an intervention measure. It is possible that some dyslexic and dysgraphic 
children have deficits as a result of the teaching instruction received. In 
the past, outcomes of research into the acquisition of reading skills, in 
particular, and spelling skills has not been strongly linked to the education 
system via training of teachers. Controversy has surrounded the m ethod 
of instruction used in teaching reading and spelling skills. Teaching has 
focussed on either phonological processes (e.g., spelling-sound rules) or 
whole-word meaning based strategies, and rarely a combination of the two 
(Reiben & Perfetti, 1991). It is possible that the dom inant m ethod of 
instruction employed by teachers affects skill acquisition. If this is the case, 
deficits in the unem phasised strategy may occur resulting in subtypes of 
dyslexic and dysgraphic children. Therefore, prevention of developmental
dyslexia and dysgraphia may be possible. This is hard  to determine post 
hoc from clinical observations.
Rubin (1991) concluded that the focus of spelling and reading 
instruction should be on the developm ent of structural analysis skills at 
both m orphem ic and phonemic levels. This is congruent w ith  Vellutino 
and Scanlon (1991) who investigated the influence of different instruction 
m ethods on reading strategies em ployed by both dyslexic and norm al 
children. Regardless of which type of teaching m ethod was used (e.g., 
phonological coding, w hole-w ord, or a com bination of the two), the 
strategy employed in reading by poor and normal readers was influenced. 
The best outcom e, in terms of reading perform ance, was obtained by 
teachers using a m ethod of instruction that combined "phonics" and 
whole-word strategies. In addition, they found poor readers had particular 
difficulty w ith phonemic segm entation, which they attributed to either 
phonological processing deficits or to problem s storing and retreiving 
phonological information. The implications for reading skill acquisition 
is that a m ethod of instruction incorporating both phonological and 
orthographic strategies leads to the best outcome. The finding of distinct 
groups of dyslexia in this study, w ith deficits in either phonological or 
orthographic processes, supports this view, as both skills are indicated to 
be im portant. It is critical for the education system to actively prom ote 
this view in teaching children in order to prevent deficits in reading skills 
which are based in the instruction method employed.
A dilem m a that arises w hen teaching phonological strategies is 
what size sub-w ord units should be focussed on. It m ust be noted that 
considerable debate su rrounds the size of the un its transla ted  in 
assem bling pronunciations or spellings via the sublexical process (for
review see Patterson & Coltheart, 1987). Some authors advocate teaching 
graphem e-phonem e correspondences, how ever others suggest that the 
smaller units of onset and rhyme are more appropriate com ponents to 
teach (e.g., Treiman, 1991). This debate has repurcussions for the practical 
application of instruction method employed by teachers.
Focus of further investigations should concern explanations of the 
underlying the phonological and orthographic deficits arise and w hat 
components of these skills are critical. Different w ord variables may be 
im p o rtan t for d ifferent subtypes of developm ental dyslexia  and  
developm ental dysgraphia. For example, it may be that frequency and 
imageability are im portant in rem ediation of surface dyslexia and surface 
dysgraphia  given orthographic deficits are characteristic and these 
variables have been implicated in lexical processes.
In sum, these data are the first reported evidence of qualitatively 
distinct subtypes of developmental dysgraphia in the language delayed 
(specifically reading im paired) population. These have been  term ed 
developm ental surface dysgraphia and developm ental phonological 
dysgraphia, and are analogous to those subtypes identified in  acquired 
dysgraphia. The finding of developm ental surface and developm ental 
phonological dyslexia replicates the distinct subtypes of developm ental 
dyslexia identified by Castles and Coltheart (1993) in the reading impaired 
population. Evidence was found for an association betw een reading and 
spelling as well as for these processes to be dissociated. In addition, the 
data indicate spelling proficiency can be coincident w ith im paired reading. 
Iden tification  of d istinct subtypes of developm ental dyslexia and 
developm ental dysgraphia has significant implication for diagnosis and 
rem ediation . Finally, the existence of developm ental surface and
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developmental phonological dyslexia and dysgraphia can be explained, bu t 
further investigation is needed to determ ine how these subtypes arose 
initially.
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Appendix 1
Stimuli Values for Word Type, Frequency, Age-of-Acquisition, 
Concreteness, Imageability, Word Class, and Word Length
STIMULI W T FREQ A O A CONC LM W C LETT El 
#
bud R 9 331 549 508 N / V 3
elm R 3 3 67 579 550 N 3
tin R 12 286 593 532 N / V 3
e a t R 61 486 563 N / V 3
gas R 98 339 554 532 N / V 3
la w R 299 383 349 409 N / V 3
bam R 29 289 614 589 N / V 4
b ite R 10 214 509 553 N / V 4
crab R 0 292 626 589 N / V 4
c a ll R 188 225 389 424 N / V 4
dock R 8 367 570 559 N / V 4
dent R 2 361 517 486 N / V 4
hump R 2 369 507 515 N / V 4
loss R 86 331 313 409 N / V 4
pool R 111 239 573 577 N / V 4
v a le R 4 481 461 421 N 4
w ick R 4 353 599 535 N 4
thud R 3 423 453 4
block R 66 244 558 483 N / V 5
drape R 0 469 532 464 N / V 5
globe R 13 364 535 583 N / V 5
sta in R 6 311 535 533 N / V 5
sh ee t R 45 251 597 581 N / V 5
w h ack R 1 311 409 486 N / V 5
branch R 33 303 583 548 N / V 6
sprint R 0 428 411 526 N / V 6
French R 139 N / V 6
in fest R 1 V 6
trance R 4 481 368 463 N 6
chicken R 37 250 614 619 N 7
bow I 15 271 572 546 N / V 3
ew e I 1 378 538 481 N / V 3
ton I 13 386 473 475 N / V 3
ey e I 122 167 634 603 N / V 3
g u y I 51 358 565 551 N / V 3
low I 174 322 378 N / V 3
bowl I 23 256 575 579 N / V 4
bush 1 14 256 585 549 N / V 4
crow I 2 308 590 578 N / V 4
cent I 158 433 544 518 N 4
debt I 13 416 384 N 4
dove I 4 588 614 N 4
h a re I 1 281 615 577 N / V 4
87
love I 232 303 311 569 N /V 4
post I 84 306 533 518 N /V 4
vase I 4 297 595 563 N 4
wand I 1 272 570 513 N 4
tomb I 11 411 573 596 N 4
blood I 121 253 613 620 N /V 5
dread I 9 467 267 378 N /V 5
glove I 9 228 607 596 N /V 5
steak I 10 329 646 647 N 5
suite I 27 458 534 487 N 5
w harf I 4 542 573 463 N /V 5
breath I 53 331 479 480 N 6
sleigh I 0 613 608 N /V 6
friend I 133 450 587 N /V 6
indict I 0 V 6
troupe I 3 479 404 N 6
colonel I 37 523 552 N 7
bef
e it
tob
esh
gub
lif
boke
biss
cren
colm
doil
desh
h ith
lan t
plun
volp
w ilk
trop
biene
drine
gront
s ta th
slore
w hint
blarch
slanch
fretch
inbart
trunch
colrint
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
Key
WT= word type (R-regular; I-irregular; N-nonword)
FREQ= frequency
AOA= age of acquisition
CONC= concreteness
IM= imageability
WC= word class (N-noun; V-verb)
Appendix 2
Total Number Correct (/30) for Control and LD Subjects
88
Reading
control
subjects
CA regular irregular nonword
1 7 19 8 20
2 8.03 26 13 20
3 8.01 24 17 22
4 7.02 29 18 26
5 7.1 29 24 30
6 8.01 23 14 15
7 8.05 22 15 24
8 8 19 9 10
9 9.07 28 23 27
10 9.09 30 25 29
11 9.04 25 22 11
12 9.02 29 21 28
13 10.01 29 24 27
14 9.01 28 20 27
15 10.04 29 21 30
16 10.09 27 23 24
17 10.07 29 24 25
18 11.02 28 22 26
19 11.03 30 21 29
20 11.05 29 27 29
21 12.05 30 29 28
22 11.09 29 24 29
23 12.05 29 27 27
24 12.08 30 28 30
25 11.1 28 23 26
26 12.06 28 18 29
27 12.1 29 27 30
28 12.09 29 27 29
29 13.11 30 28 30
30 13.1 28 23 26
31 14.02 30 29 29
32 13 30 28 28
33 13.02 29 27 28
34 13.05 30 28 30
35 13.03 30 28 30
36 13.05 30 28 29
37 14.03 30 29 29
38 14.01 29 26 28
39 14.02 30 29 29
40 13.01 30 29 30
>je
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
CA regular irregular non w ord
7.03
7.03
7.1
7.07
7.08
8.09
8.03
8.1
9.02
9.08
9.11 
9
9.08
9.02
10.02
10.04 
10.02 
10.06
10.11 
10.11
11.07
11.07
11.08
11.09
11.11
12
12.09 
12.11
13.11
13.11
13.11 
13
13.05 
13
13.01
14.02
14.05 
14.1
14.11
14.11
8 9
7 
6 
17 
10 
6 
21
8
20
23 
28 
21
9 
21 
17
24 
23 
22
25
23 
22
26
24 
30 
27
27
25
26
24 
29 
29 
26
28 
20 
27
10 
19 
29 
27 
29
25
3
3
9 
5
4
13 
8 
7
14 
14 
16
5 
17
10
14 
19
15
16 
19 
12
15 
14
23
16 
19
14 
22 
19 
21 
22
15
24 
14 
19
6
19 
22
20 
24 
19
10
9 
18
15 
4 
22
10 
20 
12
17
18 
1
21
7 
18 
14 
19
16 
19 
14 
18 
24 
26
23
19 
21 
17 
13
24 
28
20 
23
8
22
11
13
21
27
27
17
)je
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
9 0
CA
7
8.03 
8.01 
7.02
7.1
8.01
8.05
8
9.07
9.09
9.04
9.02 
10.01
9.01
10.04
10.09
10.07
11.02 
11.03
11.05
12.05
11.09
12.05
12.08
11.1
12.06 
12.1
12.09 
13.11
13.1
14.02 
13
13.02
13.05
13.03
13.05
14.03
14.01
14.02 
13.01
regular irregular nonword
11
16
16
22
26
16
17
10
25
25
19
26 
22
25
26
20 
26
27
29
28
30
23 
28 
30 
28
24
29 
28
30 
26 
29 
27 
27
29 
27
30 
30 
27
29
30
4
7 
12 
12
17
9
10
8
20
19
13
11
22
18 
21 
17
24
19 
21 
30 
27 
17 
22 
26 
23
20 
27 
26 
27 
23 
27 
26 
26 
27
25 
29 
29
27
28 
29
16
17
21
22
26
15 
21 
13
19 
27
16
20 
25 
20 
27 
20
25 
19
26
25 
22
23
26
24
27 
22
28 
29 
28 
24 
24
24 
23 
29 
28 
28 
29
25 
27 
23
9 1
LD
s u b je c ts
C A r e g u la r i r r e g u la r n o n w o r d
41 7.03 4 3 2
42 7.03 1 0 2
43 7.1 9 4 7
44 7.07 9 2 10
45 7.08 6 4 4
46 8.09 16 9 22
47 8.03 5 5 8
48 8.1 11 9 15
49 9.02 16 12 9
50 9.08 18 8 23
51 9.11 11 5 16
52 9 5 6 2
53 9.08 7 7 10
54 9.02 8 2 6
55 10.02 15 7 21
56 10.04 19 14 15
57 10.02 19 12 15
58 10.06 17 19 10
59 10.11 19 17 16
60 10.11 16 4 13
61 11.07 20 9 21
62 11.07 10 12 11
63 11.08 27 25 23
64 11.09 25 16 16
65 11.11 25 15 14
66 12 22 15 22
67 12.09 22 18 17
68 12.11 10 7 11
69 13.11 26 18 26
70 13.11 23 18 23
71 13.11 21 17 23
72 13 26 20 22
73 13.05 11 10 10
74 13 21 12 19
75 13.01 5 2 2
76 14.02 5 5 5
77 14.05 23 22 14
78 14.1 26 16 24
79 14.11 26 22 23
80 14.11 19 12 16
